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2.0 ABSTRACT

Smolt outmigration was nonitored at Wpatox on the
Naches River and Prosser on the |ower Yakim. The spring
outmgration at Wapatox was estimated to be 19,332
smolts. The 1989 winter and spring outmigration of wld
spring chinook from the Yakima Basin was estimated to be
20,672 and 88,996 snolts respectively past Prosser

The survival from egg to smolt was cal culated using
the 1987 redd counts and the 1989 snmolt outnigration at
Prosser. The estimated survival was 1.17% which gives
a nean egg to snolt survival over seven years of 4.0%

In 1989 a total of 4,115 adult and 244 jack spring
chinook salmon returning to the Yakima River were counted
at Prosser fish |adder. This gives a total of 4,359
salmon returning to Prosser Dam The nedian dates of
passage were My 15 and My 24 for adults and jacks
respectively. An additional 560 fish were estimated to
have been caught in the Yakima River subsistence dipnet
fishery below Horn Rapids and Prosser Dans. Therefore,
total return to the Yakim system was 4,919 spring
chi nook sal non.

Spring chinook were counted at Roza Dam from April
1 to Septenber 29, 1989. Counts at Roza Dam were 3,548
adult and 208 jack spring chinook for a total of 3,756
wild fish. However, fall-back of adult spring chinook

(9 of 19) at Roza Dam was docunented during a radio

Viii



tracking study (Berman 1989) indicating that actual
passage is significantly Ilower. The nedian dates of
passage at Roza Dam were June 1 and June 13 for spring
chinook adults and jacks respectively.

The snolt to adult (S,) survival wll be calculated
when scale analysis from spawner surveys is conplete.
Spring chinook adults from ten different experinental
rel ease groups were recovered in 1989. A total of 143

coded wire tags were recovered.



3.0 | NTRODUCTI ON
The population of Yakina River spring chinook sal non

(Oncorhvnchus tshawtscha) has been drastically reduced

from historic levels reported to be as high as 250,000
(Smoker, 1956). This reduction is the result of a series
of problens including nmai nstem Colunbia dans; dans wthin
the Yakima itself; severely reduced flows due to
irrigation diversions; outmgrant loss in irrigation
canal s; increased thermal and sedi ment | oadi ng: and
overfishing. Despite these problens, the escapenent of
spring chinook to the Yakinma River has continued at
levels ranging from 166 to 9,442 since 1957.

I n October, 1982, the Bonnevill e Power
Adnministration contracted the Yakinma Indian Nation to
devel op nethods to increase production of spring chinook
in the Yakima System The Yakima Nation's current
enhancenment policy attenpts to maintain the genetic
integrity of the spring chinook stock native to the
Yakima Basin. Relatively snmall nunbers of hatchery fish
have been released into the basin in past years. Dat a
from the Wwnatchee System indicate a return rate from
hatchery smolts of less than .25% (Mullan, 1982). Return
rates from the current Yakima study snmolt releases are
. 07% These low return rates indicate that few fish

would have returned from these early hatchery releases.



Thus the genetic input from hatchery fish into Yakim
Basin stocks is probably negligible.

The goal of this study is to develop data that wll
be used to formulate managenent alternatives for Yakinm
Ri ver spring chinook. The study has five major
obj ectives. The first objective is to determne the
di stribution, abundance and survival of wld Yakim R ver
spring chinook. Naturally produced populations are being
studied to determine if these runs can be sustained in

the face of presentharvestand environnmental conditions.

Survival through each |ife stage is being evaluated in
an attenpt to determine limtations to natural production
in the basin. Survival to energence studies have been

conducted to deternmine survival through the incubation
stage. Analysis of the relationship between survival to
energence and gravel substrate quality have been studied.

Seining at selected sites and electroshocking surveys
have been conducted to evaluate distribution and
abundance of juvenile fish. Snmolt outmigrations are
monitored at the Wpatox juvenile trap on the Naches
River, at Roza Dam juvenile trap in the nmd Yakim River
and at the Prosser juvenile trap on the nminstem Yakinm
Ri ver. Adult returns are determned by nonitoring the
Yaki ma Tribal dipnet fishery, counting adults at Prosser
and Roza fish |ladders, and through spawning ground

surveys. Physi cal paraneters such as water tenperatures



and stream flow are nonitored throughout the basin.

The second nmajor objective of this study is to
deternine the relative effectiveness of different nmethods
of hatchery suppl enentation. This objective is divided
into three sub-objectives:

a) _Determination of optimal rel ease tine. Smol t

releases are the norm but fingerlings were released in
June, September, andNovemberof 1984 andl1985.
Downstream survival of these snolts was evaluated and
adult returns have been nonitored.

b) Deternmination of optimal nmanner of release. In

the past, fish have either been transported from a
hatchery and released directly into the Yakima River, or
raised in rearing ponds. These nethods, as well as the
use of acclimation ponds, are being evaluated.

c) Deternination of optimal release stocks. Snmol ts

were released in 1986 and 1987 as hatchery X hatchery
(Leavenworth stock), hatchery X wld, and wld X wld
crosses to determne the effect of genetic makeup on the
success of various releases. Success will be neasured
as the nunmber of adults returning from each of these
rel ease groups.

Adverse interactions between hatchery releases and
wild stocks were mnmininzed by scatter-planting hatchery
fish so densities in the river remained |ow enough to

mninze conpetition for food and space.



The last three nmjor objectives of the study are:
3) to locate and define areas in the watershed which
may be used for the rearing of spring chinook:

4) to define strategies for enhancing natural
production of spring chinook in the Yakina River; and
5) to determne the physical and biological
limtations on production wthin the system

These objectives wll be net at the end of the study
when the database is conplete.

This project is a multi-year undertaking that wll
evaluate differentmanagementand enhancenent strategies.
At the conclusion of this study, a series of alternatives
will be developed that can be used to deternmine how best
to enhance the runs of spring chinook in the Yakinm
Basin. Annual reports were presented for 1983 (Wassernan
and Hubble, 1983), 1984 (Wassernman, Hubble, and Watson,
1985) 1985 (Fast, Hubble, and Watson, 1986), 1986 (Fast,
Hubbl e, and Watson, 1986) , 1987 (Fast, Hubbl e, and
Wat son, 1988) and 1988 (Fast, Hubble, and Kohn, 1989).
A detailed description of methods and naterials wused in
this study can be found in these earlier reports. Thi s
current report is concerned with new findings in 1989 and
sonme re-evaluation of previous data in light of current

i nformati on.



4.0 DESCRIPTION OF STUDY AREA
The Yakinma River is located in Central Wshington
and flows 217 miles from its headwaters in the Cascade
Mountains (elevation 2,448 ft) to the Colunmbia R ver near

Richland at river nile (RM 335 (Figure 1). The Yaki m

River Basin drains 6,155 square miles of the east slopes
of the Cascade Muntains in Kittitas and Yakinm Counties.
The Yakima River flows east and souththroughthe
Kittitas Valley from its ruggedly glaciated headwaters.
South of the valley the river cuts through Manastash and
Urtanum ridges in a deep canyon. The river enters the
mddle valley above Yakinma through a gap cut in Selah
Ridge and leaves through Union Gap in Ahtanum Ridge.
Rattlesnake Hills, crossing eastern Yakima and northern
Benton Counties, and the Horse Heaven Hills to the south
are promnent features bordering the lower river in its
80 mile reach from Union Gap to the Colunbia River. The
Yakinma River enters the Colunbia River near R chland at
an elevation of 300 feet.

The mjor tributaries, with the exception of Satus
and Toppenish Creeks, enter the river above the city of
Yaki ma. The Naches River is the largest tributary,
entering the Yakima at RM 101 and extending 51 miles to
the junction of the Bunping and Little Naches Rivers.
The Naches River drains an area of 1,106 square mles.

QO her inmportant tributaries of the Naches include the



Figure 1. Study area on the Yakima River systam.
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Anerican and Tieton Rivers and Rattlesnake Creek.

Inmportant tributaries in the upper Yakima are the
Teanaway and Ce Elum Rivers. Nunerous creeks, including
Manast ash, Taneum and Swauk, flow into the Yakima in the
Kittitas Valley. The climte of the Yakima Basin varies
from wet-alpine in the Cascade Mountains to sem-arid
conditions at the Ilower elevations. The crest of the
nmountains receive 80 to 140 inches of precipitation per
year while approximately one third of the basin receives
ten inches or |ess. Summer tenperatures average 55 F in
the nmountains and 82 F in the valleys. During the wnter
mont hly maxi num tenperatures range from 25 F to 40 F and
| ow tenperatures range from -20 F to -25 F.

The Yakima River Basin produces 3.5 mllion acre
feet average annual runoff, wunregulated. The U S. Bureau
of Recl amation's Yakima |Irrigation Project has
transformed the sem-arid region into a productive

agricultural region. Approximtely 500,000 acres are

presently under irrigation, consunming 2.25 nillion acre
feet each year. There are nunerous dans and irrigation
diversions on the river. These include Horn Rapids,

Prosser, Sunnyside, Wapat o, Roza, and Easton. A

screening structure is associated wth each of these
dams. For an extensive description of the Yakim Basin,
see Bryant and Parkhurst (1950).

In the Yakima system reservoir storage acts to



regul ate flows. Man- made Kachess, Keechel us, and Cle
Elum Lakes in the upper Yakima and Bunping and Ri nrock
Lakes on the Naches system are the nmmjor storage sites.
These storage areas supplement flows during the
irrigation season (March-Cctober) and store water in the
winter. Irrigation and power diversions generally reduce
flows in the |ower sections of the Yakima River.
Sunnyside and Wapato dans near rivermle 108 divert
approxi mately one-half the total river flow at each site
into irrigation diversions in the summer and fall.
Prosser diversion renoves approximately 1,400 <cfs for
irrigation and power production throughout nobst of the
year. Due to the large irrigation diversions at Prosser
and Parker, flows drop dramatically in the lower river
from June to Cctober. Approximately 50% of +the flows
wit hdrawn at diversion sites re-enter the river
downstream after being used for irrigation or hydropower.
Prior to 1980, flows remmined high on the spawning
grounds in Septenber and Cctober for irrigation purposes.
Many fish that spawned at this tinme deposited their eggs
in shallow water near the bank. When flows were
decreased at the end of the irrigation season, t hese
redds were often dewatered. Following court action in
1981 the irrigation flows were decreased in the Yakina
branch during the first week of Septenber so that this

problem would not continue. To offset the reduction of



flows from the wupper Yakima in September, flow is
increased in the Naches River minly from Ri nrock
Reservoir rel eases. The increased flows enter the Naches
River below the areas of heavy spring chinook spawning

and flows are not believed to inmpact spawning success.



5.0 METHODS AND MATERIALS

5. 1. NATURAL  PRODUCTI ON
5.1.2 PROSSER SMOLT TRAP

Prosser snmolt trap was operated continuously from
November 23, 1988 to July 13, 1989. Prossertrap
operates from a bypass pipe that shunts fish from rotary
drum screens in Chandler Canal back to the mainstem
Yakima River. In 1984, 1985, 1986 and 1987 trapping
efficiency (the percentage of outmiga -s passing Prosser
Dam diverted into the trap) was cal ated via a series
of releases of narked fish. The sta stical nmet hodol ogy
for efficiency calculations was evaluated by Douglas
Chapman of the University of Washington Center for
Quantitative Science. A detailed description of the
eval uation process can be found in Appendix B of the 1986
BPA annual report. The basic procedure was as follows.
Once each week, fish captured in the trap during the
ni ght were cold-branded. Two groups were branded
differently, with one group released two mles upstream
of the canal intake, and the other in the canal.
Efficiency (E;) was based on the recapture rate of
branded fish as follows:

E; = Cri

Rri (Cci /Rci )

wher e E, = fraction of fish diverted into the canal

10



in the ith experinent;
R,; = nunber released directly into the canal
in the ith experinent:
R,; = nunber released directly into the river
in the ith experinent;
Ci = nunber recaptured from the canal release
in the ith experinment; and
C,; = nunber recaptured from the river release
in the ith experinent.

During the 1984, 1985, 1986 and 1987 spring chinook
smolt m grations, a total of 68 separate efficiency tests
were performed. A relationship was developed between
the conbined 1984-87 efficiency data and river discharge.
This relationship was then used to estimate the total
nunber of juvenile fish passing Prosser dam in each of
the years the trap was operating. The <confidence
intervals for the calculated total smolt passage for each
year was estimated from a linearized form of the logistic
equation Y = |/I+E (-A+BX). Lengths, weights and scales
were taken from random sanples of all species and rel ease
groups on a daily basis. In addition unbranded ad-
clipped hatchery spring chinook were sacrificed for coded

wire tag analysis on a daily basis. Coded wire tags were

i mplanted and adi pose were renpbved on w nter outmnigrants.

11



5.1.2 WAPATOX

The purpose of Wapatox snelt trap on the Naches
River is to monitor snelt outmigration in the spring and
the pre-snolt outmigration the remainder of the vyear.
Species nonitored include spring chinook sal mon,
steel head and rainbow trout and other resident trout
speci es. Wapatox snolt trap is located on the Naches
River at RM 17, just downstream from the confluence of
the Tieton and Naches Rivers (Figure 1). The trap is
constructed on the Wpatox by-pass ditch. Fish entering
the canal are shunted into a by- pass pipe by a series
of rotating drum screens across the diversion canal

The 1988 fall nmonitoring season was initiated
Septenber 1 and ended Novenber 23 when the screens in the
canal were remved for the winter. The canal was

dewatered for repairs from October 17 through Novenber

4, Wapatox snolt trap continued operation beginning
April 1, 1989 when the rotary drum screens were installed
into the canal. Monitoring of the spring smolt
outmgration extended through the nonth of June. Thr ee

periods of high river flow (April 14-25, May 05-15 and
June 05-15) rendered the trap inoperable. During these
periods daily catches were estimted from a |Iinear
regression of the nean daily catch 7 days preceeding and

following the flooding events.

The trap was normally checked at |east 4 tines per

12



week and nore often during peak mgration periods. Only
sal nronid species were enunerated. Fish were anesthetized
with Ms-222, fork lengths and weights were recorded, and

scale, sanples were taken from spring chinook snolts.

5.1.3 ROZA SMOLT TRAP

Roza juvenile trap was operated on a experinental
basis beginning April 1, 1989 and continuing through the
summer . A primary objective was to determ ne how
effectively it could be used to nmonitor juvenile sal nbnid
outmgration from the upper Yakima River. An inclined
plane trap was fished in the fish bypass on a 24 hour
basi s. Fish are directed into the fish bypass system by
a series of rotary screens in the forebay. Except for
two periods (April 14-19 and April 28-30) the trap was
nonitored daily during the nonth of April. Begi nning in
May the trap was fished one day per week for a 24 hour
peri od. Fish were renoved from the |ivebox on an hourly
basis and anesthetized wth MS-222. After fish were
identified according to species, fork lengths and scale
sanples were taken from a portion of each day's catch.
No attenmpt was made in this, the initial year of
operation, to establish a flowentrainnment relationship.

This will be attenpted in the spring of 1990.

13



5.1.4 ADULT RETURNS

Adult spring chinook salnmon harvested below Prosser
in the 1989 Yakima Tribal cerenpnial dipnet fishery were
nmonitored under the BIA 638 contract.

The Prosser and Roza Dam adult fish counting
stations were nonitored in 1989. Counting at Prosser
began April 1 and continued through August. Roza Dam was
monitored from May 1 through Septenber 29. Water clarity
at Roza Dam was such that fish swinming over the counting
board could be visually exanmined for the presence or
absence of an adipose fin. Al adipose-clipped fish were
collected in a second trap and sacrificed to recover the
coded wire tags.

Spawni ng ground surveys were inititated on the
American River in August wunder a contract from the
Bonneville Power Adninistration. Spawning ground surveys
were conducted throughout each reach of spawning area on
a bi-weekly basis. All carcasses were examned for
adi pose fins, and lengths (fork length and md-eye to
hypural plate length) were recorded. Scal e sanples were
taken, and gonads were examined to determne sex and egg
retention in females. The tail of each fish was renoved

so it would not be exam ned npbre than once.

14



5.1.5 ESTIMATES OF SURVIVAL THROUGH VARI QUS LIFE STAGES
5.1.5.1 Egg to fry:

Tot al egg deposition was calculated as mean
fecundity of Yakima R ver females (based on the |length
fecundity model) multiplied by the number of redds
| ocated on the spawning grounds.

The total nunber of fry produced (F) was calculated as:

F = nean fecundity of Yakima River spawners X

nunber of redds x survival from egg deposition

to energence.

5.1.5.2 Egg to Snolt:
An index of survival from egg to smolt (S,) was

estimated with the following expression:

Ses = estimted nunber of snpblts at Prosser

total egg deposition for brood year.

5.1.5.3 Fry to Snolt:
An index of survival from fry to snmolt (Sg) was

estimated with the followng expression:

S, = nunmber of snpblts estimated to pass Prosser

fry for brood year

Estimates of egg deposition and fry production for

1981t hrough 1989 were based on redd counts from spawning

15



ground surveys. Survival from egg to snolt and from fry
to smolts were based on redd counts in the years 1981-1987
and snolt outmgration estimtes (at Prosser) in the

years 1983-1989.

5.1.5.4 Swlts to Adult:

The smolts to adult survival (Sg,) of wld spring
chinook salnobn in the Yakima system was based on the
estimated outmgration at Prosser in the years 1983-1986
and the return of jacks (3 year old fish) and four and
five year old adults corresponding to each years' snolt

run. Returns are inconplete for outnmigration later than

1986.
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5.2 HATCHERY OPERATI ONS
5.2.1 BROOD STOCK EVALUATI ONS

Hat chery spring chinook introduced into the Yakina
River from 1958 to 1987 have cone from numerous sources
and stocks (Table 1), although, as previously nentioned,
their contribution to the genone of naturally spawning
Yaki ma River fish has probably been mnimal. An
experimental brood stock program was undertaken in 1984
and continued in 1985 to evaluate the benefits of using
Yakima River spring chinook as broodstock. The purpose
of this program was to conpare the return rates of
native, hybrid and non-native snolts.

The best stock for enhancenent programs wll be
determ ned by a conparison of returns of adult fish from
four release groups: (1) an acclimted group of
hatchery-reared "natives™ (Yakima mmles crossed with
Yakima females), (2) a pond-acclimated group of
hat chery-reared "hybrids" (Yakima River nmales crossed
with Leavenworth Hatchery fenales), (3) an acclimted
group of pure hatchery snolts (Leavenworth nmales crossed
with Leavenworth females), and (4) a group of hatchery
smolts (similar to group 3) but which were released
directly into the river. Groups [|-3 were allowed
volitional release from an acclimtion pond in the upper

Yaki ma River. These groups will be used to determine if

17



cultured fish that are the progeny of Yakima River spring
chi nook have a greater success in returning to the Yakim
River than do non-native stocks. The fourth group wll
be used to estimate the value of acclimating spring
chinook in ponds for various periods before allow ng
volitional rel ease. Returns from group four wll be

conpared directly to group three.

18



Table 1.

Hista-ical plants of sring chinook in the Yakima River Basin.

Brood Release Size Nurdoer Brood Release
year date Hatchery fish/lb released stok Iocation
1958 8/59 Klickitat 143 20,000 Klickitat Yakim River
1960 5/61  Ieaverwcrth 330 18,000 Icicle Yakima River
1961 2/62 Ieaverwceth 1000 5,000 Icicle Yakima River
1962 12/62 Ieavarwcarth 1000 5,000 Icicle Yakima River
1962 63 12,500 Nile Srincs
1963 64 10,000 Ni | e Sorirgs
1971 6/73  Klickitat 58 162,400  Klickitat Naches River
1971 6/73 Klidkitat 58 162,400 Kliddtat Mrerican River
1974 75 8,500 Nile Sprirgs
1974 4/76  Ringold 3 7,230  Ringald Nile Sgrirgs
1974 9/76  Klickitat 29 42,775  Klickitat Nile Sgrings
1975 3/77 Klickitat 19 13,300 Klickitat Ni | e to Richlard
1976 3/78 Kliddtat 7 2,462 Qowlitz Nile Sarings
1977 4/79 Carscn 20 50,000 Carsmn Yakima River
1977 4/79  Klickitat 12 25,000  Qodlitz Nile Sgprings
1978 4/80  Klickitat 10 24,000  Klickitat Nile Sgrings
1978 4/80 Ileaverwerth 18 30,260 Carsn Yakima River
1979 4/81  Klickitat 14 33,616  Klickitat Nile Sprirgs
1979 4/81 Leevarwcrth 20 400,221 Ieavarwcrth Yakima River
1980 4/82 Ieaverwarth 14 100,050 Ieavermcrth Nile Sorings
1980 4/82 Leavarwarth 15 401,714 Ieaverwarth Yakima River
1981 4-5/83 Leaverwczth 18 103,110 Ieavermcrth Nile Sxincs
1981 4/83 Ieaverwarth 19 97,012 Ieavermxrth Yakima River
1982 4/84 Prtiat 19 29,636 Carscn Nile Sorirgs
1982 4/84 Btiat 25 45,552 Caran Yakima River
1983 6/84 Leaverwarth 66 102,837 Carscn Yakima River
1983 9/84 Tesverwarth 25 102,833 Carsmn Yakima River
1983 11/84 Ieaverwxcth 22 108,305 Carsn Yakima River
1983 4/85 Ieavernarth 18 50,000 Carsn Yakima River
1984 6/85 Ieevarwarth 66 100,000 Leaverwarth Yakima River
1984 9/85 Ieevarwarth 25 100,000 Leaverwarth Yakima River
1984 11/85 Ieavarworth 22 100,000 Ieaverwarth Yakima River
1984 3/86 Ieevarworth 21 51,846 Carsn Yakima River
1984 4/86 Leaverwarth 20 50,657 Carsn Yakima River
1984 3/86 Ieaverwath 17 46,476 CarsayYakima  Yakima River
1984 3/86 Leavarworth 17 33,062 Yakima Yaki m River
1985 3/87 Leasverworth 21 50,519 Carscn Yakima River
1985 3/87 ILeaverworcth 17 50,113 CarsayYakimma  Yakima River
1985 3/87 Leevermarth 17 52,392 Yakima Yakima River
1985 4/87 Leaverwarth 20 56,841 Carscn Yakima River

Note: Native sring chinock broodstock in Kliddtat River at time were

syplamented with Carsmn, Qowlitz, Eagle Qreek, amd Williamette Fish.



5.2.2 ADULT HATCHERY RETURNS

Ten groups of adult hatchery fish returned to the
Yakima River in 1989. Coded-wire tags were recovered from
two sources: the adult trap at Roza Dam and the Yakinm
dip net fishery. Al tags recovered were expanded by the
sanple rate (fish sanpled/total number of fish caught for
a fishery and by the mark rate or coded-wire tag
retention rate.

Survival rate for hatchery smolt to adult was
calculated by dividing the total expanded return of
adults from each release by the estimted passage of
smolts by Prosser from that release. The expanded return
nunbers were also divided by the total nunber of snolts
released in each group to obtain a hatchery planting to

adult survival rate.
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6.0 RESULTS AND DI SCUSSI ON

6.1 NATURAL PRODUCTI ON
6.1.1 PROSSER JWENILE FACILITY

Snolt outmigration was estimated from a logistic

relationship between percent river diversion and percent
entrainment (Fast et. al ., 1985) . A logistic
relationship was fit to data from test releases nmde in
1984, 1985, 1986 and 1987. This relationship (Appendix

B of the 1986 BPA annual report) was used to estinmate

1989 outmgration. Test releases will be nade throughout
the duration of the project. The diversion-entrainnment
relationship wll be refined and the outmigration of

previous years re-estimted.

6.1.1.1 Wnter Movenent

The Prosser snolt trap was operated from Novenber
23, 1988 through March 31, 1989 to nonitor the wnter
mgration of juvenile spring chinook and other sal nonids.
At ot al of 30,731 salmonids were estimted to have
mgrated past Prosser dam of which 20,672 were spring
chi nook. A weekly breakdown of spring chinook passage
is presented in Table 2 and a daily breakdown is
presented in Appendix C/l. - C.b5.

Fifty-five point eight percent of the estimted

spring chinook wnter migration occurred from Novenber
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23 to Decenber 31, 1988 (Table 2). In the wnter of
1987-88 80.3% outmgrated during the sanme period. In
1988-89 the winter migration was nore equally distributed
temporally than in previous years, although the |[east
nmovenent was still observed in January and February. 1In
the winters of 1986-87, 1987-88 and 1988-89 spring
chinook winter migrations (previous to March 31) nmde up
26.2% 22.1% and 18.8% respectively, of the conbined
spring and wnter outmgration. In the winter of 1987-
88 the left pelvic fin was renoved on 17.3% of the spring
chinook passing the smolt trap. In the winter of 1988-
89 coded wire tags (cw's) were inplanted in 59.0% of the
wi nter outm grants. The pelvic clip and cwt's wll
identify returning adults as wnter mnmigrants and wll
provide data for prelimnary estimates on the

contribution of wnter migrants to production.
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Thbl e2. Estimated ocutmigration of juvenile spring chinook at Prosser Dem
Novenber 23, 1988 through Mirch 31, 1989.

Period of Total

Estimation Chinock
11/23/88-11/30/88 4,738
12/01/88-12/07/88 1,092
12/08/88-12/14/88 606
12/15/88-12/21/88 1,568
12/22/88-12/31/88 3,523
01/01,/89-01/07/89 1,964
01/08/89-01/14/89 1,241
01/15/89-01/21/89 456
01/22/89-01/31/89 843
02/01/89-02/07/89 1.5
02/08/89-02/14/89 12
02/15/89-02/21/89 5
02/22/89-02/28/89 658
03/01/89-03/07/89 664
03/08/89-03/14/89 2,773
03/15/89-03/21/89 279
03/22/89-03/31/89 232
Total 20, 669

Estimated passage based on interoplation: 12/15-20, 1/5-6, 2/2-22 and
3/ 10- 16.
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6.1.1.2 Spring Movenent

Total estimated outm gration of spring chinook
snmolts is presented in Table 3. The Chandler juvenile
facility was in operation from April 1 through July 13,
1989. Estimated outnmigration of wld spring chinook
snmolts in the nonths April, My, and June were 51, 368,
32,322, and 5,296 respectively. Ten spring chinook were
counted the firstl3 days of July. Peak snolt
outmgration occurred the week of April 8-14, when 20,530
snolts were estimated to have noved past Prosser (Figure

2) . The nedian date of passage was April 25, 1989.
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Table 3. Estimated spring outmigration of juvenile
spring chinook at Prosser Dam from April 1,
through July 13, 1989.

Period of Tot al
Estimation Chi nook
04/ 01/ 89- 04/ 07/ 89 3,187
04/08/89-04/14/89 20, 530
04/15/89-04/21/89 14, 337
04/22/89-04/30/89 13, 314
05/01/89-05/07/89 20, 397
05/08/89-05/14/89 7,004
05/15/89~05/21/89 3,080
05/22/89-05/31/89 1, 841
06/01/89-06/07/89 4, 459
06/08/89-06/14/89 677
06/15/89-06/21/89 100
06/22/89-06/30/89 60
07/01/89-07/07/89 10
07,/08/89-07/13/89 0
Tot al 88, 996

Estimated passage based on interoplations: 04/16/89
and 04/23/89.
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6.1.1.3 Distinguishing Spring from Fall Chinook Snholts.

Length frequencies and scale analyses were used to
differentiate spring and fall chi nook outm grants.
Explicitly, the nunmber of wld fall chinook mgrating
past Prosser Dam in a given week was estinmated as

foll ows: i =b

NJ E[(Li,j | (Fi,j )] = Nf,j equation 1.
| =a

where a and b are length increnment bounds, wth "a"
representing "less that 40 nm ", "b" representing

"greater than 199 mm", and with intervening 5

mm steps --(40-44,45-49,...,195-199);

Li,j = the percent of sanpled wld chinook in
week j falling in length interval i

Fi,j = the percent of fish in length interval i
in week | deternined from scale analysis
to be fall chinook, i.e., O age;

N-j = the estimated outmgration of all wld
chinook in week j ; and

Nf,j = the estimated nunber of wld fall chinook
in week j.
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6.1.2 WAPATOX SMOT TRAP

The fall pre-snolt outmigration was only nonitored
during October because operation of \Wapato Diversion
Canal ceased in order to provide adequate instream flows
downstream to the facility. The estimated nunber of
spring chinook outmigrants in October was 7,820 (Table
4). Mean fork length in October was 90 nmm

The snolt outnmigration was nonitored March 4, when
the screens were installed, through June 17. A nonthly
summary of the estimated nunber of spring chinook
outmgrants in 1988 is presented in Table 4. Esti mat ed
spring chinook snolt outmgration in Mrch, April, My
and June was 11,076; 27,725; 1,295 and 269 respectively.
Tot al estimated outmigration past Wapatox was 40, 365
smolts.

The estimted weekly catch of spring chinook is
presented in Table 5. Hi ghest estimted outm gration
occurred April | -7, when an estimted 13,282 snmolts
out mi grat ed. This represents 60.3% of the total
estimated outm gration. Medi an passage date was April
5.

Monthly size distributions of spring chinook smolts
are presented in Figure 3. Mean nonthly fork lengths in

April, My and June were 92, 95 and 96 mm, respectively.
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Table 4. Summary of monthly outmigration of spriRng chinook at Wapatox for 1985 through 1989.

Year Species March Apri | May June July August September October November
1985 Spring chinook \a 38,786 2,823 323 193 140 4,941 39,271 15,573 \b
1986 Spring chinook \a 2,925 3,902 765 509 169 2,178 8,707 48,779
1987 Spring chinook \a 13,561 2,335 245 608 1,158 3,464 7,820 \a

1988 Spring chinook 11,076 27,725 1,295 269 \a \a 1,391 11,596 13,439 \c
1 989 Spring chinook \a 18,435 723 193 \d \d \d \d \d

\a Trap. not in operation.
\b Trap was only operated November 1 to November 10.
\¢c Trap was only operated November 1 through November 23.

\d Data not available at time of writing.



Table 5. Estimated weekly and monthly catches of
spring chinook at Wapatox for fall, 1988
and spring, 1989
Date Weekly Cummulative

(week ending) count count
(date)

Fall, 1988
08-5Sep 116 116
15-Sep 311 427
22-Sep 597 1,024
29-Sep 317 1,341
06-0ct 175 1,516
13-0ct 749 2,265
20-0ct 2,644 4,909
27-0c¢t 4,581 9,490
03-Nov 6,519 16,009
I10-Nov 8,947 24,956
17-Nov 972 25,928
24-Nov /a 490 26,418

========================================D Sddddddd®

Sep Oct Nov /b

Fall

totals 1,391 11,596 13,439

Spring, 1989
07-Apr 4,486 4,486
14~-Apr 8,301 12,787
21-Apr 4,465 17,252
28-~-Apr 1,126 18,378
05-May 246 18,624
12-Msay 239 18,863
19~May 150 19,013
26-May 103 19,116
02-Jun 59 19,175
09-Jun 52 19,227
16-Jun 49 19,276
23-Jun 30 19,306
30-Jun 46 19,352

April May June Season

Spring

totals 18,435 723 193 19,351

/a Was operated only six days this week.

/b November 23 was the last day of operation.
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6.1.3 ROZA SMOLT TRAP

Because the flow to entrainnment relationship has yet
to be established at the Roza smolttrap only a
gualitative analysis of the data is possible. A catch
summary s presented in Table 6. Total catches from
April through August were 446 spring chinook snolts and
5,581 spring chinook young-of-the-year. Spring chinook
snolts were captured from April 1 through May. The rmean
fork length for spring chinook smolts was 115 nm Mean
parr fork length was 83 mm in July and 89 nm in August.
Spring chinook fry were first observed April 6, and
outmgration continued throughout the sunmer. Both the
nmean fork length and date of capture indicated that newy
energent fry were noving past Roza Dam from the upper
Yaki ma River. Past spring chinook egg-to-fry data
collected in the wupper Yakima River (1988 BPA Annual
Report) indicates that the nmedian date of energence
ranges from April 1 to My 17. In 1988, the | owest
spring chinook redd upstream of Roza Dam was |ocated at

RM 140, over 12 niles away. Therefore fry nust be noving
a considerable distance shortly after energence. The
fact that young-of-the-year spring chinook were captured
t hroughout the sumrer supports evidence collected from
distribution studies in 1983-85 (Fast et.al., 1985)

indicating a continuous mgration of juvenile spring

chinook from spawning areas into the Yakima Canyon.
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Tabl e 6. Tenporal distribution of capatures of Spring
Chi nook juvenile at Roza Dam April through
A ugus t ,1 9 8 9

Spri ng Spring
DATE chi nook chi nook

snol ts parr
01- Apr 25 0
02- Apr 8 0
03- Apr 7 0
04- Apr 9 0
05- Apr 2 0
06-Apr 61 197
07- Apr 31 325
08-Apr 18 379
09-Apr 23 1109
10-Apr 29 1032
11- Apr 23 497
12-Apr 8 200
13- Apr 15 119
20- Apr 3 43
21-Apr 10 83
22- Apr 2 58
25- Apr 28 190
26- Apr 17 97
27- Apr 37 114
05-May /a 19 0
18-May /b 11 116
25-May /c 22 25
01-June 38 7
15-June 60
22-June 429
29-June 120
06-Jul 202
13-Jul 30
20-Jul 18
27-Jul 36
03- Aug 10
04- Aug 44
10-Aug 15
17- Aug 16
24- Aug 8
31-Aug 2

/a Start time was 1100, the 5th, and end tinme was 1700
the 5th.

/b Start tine was 1300 the 18th.

/c Start tine was 1730 the 25th, and end tinme was 0945
the 26t h.
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6.1.4 ADULT RETURNS

In 1989 a total of 4,115 adult and 244 jack spring
chinook salnmon returning to the Yakima River were counted
at Prosser fish ladder at RM 48 (Tables 7 and 8). This
gives a total of 4,359 salmon returning to Prosser Dam
(Table 9). This nunber nay be underestimated due to a
temporarily inefficient counting station on the new
center l|adder at Prosser Dam (as nmuch as two feet of
wat er passed above the viewing w ndows). The raw daily
fish counts for Prosser Dam are presented in Appendix
Tables A. .1 through A. 5. The nean dates of passage were
May 15 and May 24 for adults and jacks respectively. An
additional 560 fish were estimated to have been caught
in the Yakima River subsistence dipnet fishery below Horn
Rapids and Prosser Dans (Table 10). Therefore, tota
return to the Yakina system was 4,919 spring chinook
salnon (Table 11).

Spring chinook were counted at Roza Dam from My 3
to Septenber 29, 1989. Counts at Roza Dam were 3,561
adult and 211 jack spring chinook for a total of 3,772
(Tables 12, 13, and 14). A total of 236 hatchery spring
chinook were collected at Roza Dam and sacrificed to
recoverthe codedwiredtags for release group
identification. An additional 187 fish were harvested
between Prosser and Roza Dans in the subsistence dipnet
fishery (Table 10). Daily counts of fish passage at Roza

Dam are presented in Appendix Tables B.l through B.5.
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Table 7. Weskly adult spring chinoock passage at Prosser Dam, 1989.
(1) Irdex week nnber; (2) Wesk-erding date; (3) Weekly passace;
(4) Weel;ly propartion; (5) Qumulative passage; (6) Qumilative

——— e k2

roportion
(1) (2) (3) (4) (5) (6)
15 415 0 0.0000 0 0. 0000
16 422 3 0. 0007 3 0. 0007
17 429 153 0.0372 156 0. 0379
18 506 570 0.1385 726 0.1764
19 513 o901 0.2190 1627 0.3954
20 520 1283 0.3118 2910 0.7072
21 527 693 0.1684 3603 0.8756
22 603 310 0.0753 3913 0.9509
23 610 58 0.0141 3971 0.9650
24 617 71 0.0173 4042 0.9823
25 624 44 0.0107 4086 0.9930
26 701 a 0.0019 4094 0.9949
27 708 15 0.0036 4109 0.9985
28 715 2 0.0005 4111 0.9990
29 722 2 0.0005 4113 0.9995
30 729 0 0.0000 4113 0.9995
31 805 2 0.0005 4115 1.0000

Mdian date: May 15

Tabhlea. Weskly Jjack sring chinck passace at Prosser Dam, 1989.
(1) Irdex week ninber; (2) Week-ending date; (3) Weekly pessage;
(4) Wael.cly prepartion; (5) Quilative passage; (6) Qmulative

(1) (2) (3) (4) (5) (6)

15 415 0 0.0000 0 0.0000
16 422 0 0.0000 0 0.0000
17 429 3 0.0123 3 0.0123
18 506 9 0.0369 12 0.0492
19 513 21 0.0861 33 0.1352
20 520 4 0.1803 77 0.3156
21 527 87 0.3566 164 0.6721
22 603 46 0.1885 210 0.8607
23 610 n 0.0451 221 0.9057
24 617 10 0.0410 231 0.9467
25 624 5 0.0205 236 0.9672
26 701 2 0.0082 238 0.9754
27 708 4 0.0164 242 0.9918
28 715 2 0.0082 244 1.0000

Median date: May 24
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Table 9. Weekly total sring chinock passage at Prosser Dam, 1989.
(1) Index week nuiber; (2) Week-ending date; (3) Weekly passage;
(4) Vhel.dy propartion; (5) Qmilative passage; (6) Qumilative

pPropartion
(1) (2) (3) (4) (5) (6)
13 401 0 0.0000 0 0. 0000
14 408 0 0.0000 0 0. 0000
15 415 0 0. 0000 0 0. 0000
16 422 3 0. 0007 3 0. 0007
17 429 .56 0.0358 159 0. 0365
la 506 579 0.1328 738 0.1693
19 513 922 0.2115 1660 0.3808
20 520 1327 0.3044 2987 0. 6852
21 527 780 0.1789 3767 0. 8642
22 603 356 0.0817 4123 0. 9459
23 610 69 0.0158 4192 0.9617
24 617 81 0.0186 4273 0.9803
25 624 49 0.0112 4322 0. 9915
26 701 lo 0.0023 4332 0.9938
27 708 19 0.0044 4351 0. 9932
28 715 4 0.0009 4355 0.9991
29 722 2 0.0005 4357 0. 9995
30 729 0 0.0000 4357 0. 9995
31 805 2 0.0005 4359 1.0000

Median date: May 16
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Table 10. YIN Yakima River spring chinook fishery, 1981 ~ 1989.

- - ———— -

Estimated Horn Rapids  Prosser Sunnyside Uapato Total

chinook harvests harvests harvests harvests harvests
Year run size CH SH CH SH CH SH CH SH CH SH
1981 1,334 0 0 49 2 137 1 30 0 216 3
1982 1,686 10 0 78 0 241 11 105 2 434 13
1983 1,324 0 0 72 1 9 11 3 0 a4 16
1984 2,677 3 0 116 4 122 18 48 3 289 25
1985 4,529 54 0 267 3 61 0 483 21 865 24
1986 9,442 158 3 372 2 212 0 598 0 1,340 5
1987 4,390 40 0 332 0 60 0 114 6 546 6
1988 4,247 220 0 113 0 42 0 69 0 444 0
1989 4,920 5607 6° 187°  o° 47 6
81-88°
Average 3,839 61 0 175 2 111 5 181 4 527 12

3 Combined harvest at Horn Rapids and Prosser.

b Combined harvest at Sunnyside and Uapato.

€ 1089 was not used in average due to combining reaches.
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Table 11. Estimated spring chinok rus to the Yakima River basin, 1957-1989.

Tokal redds”

Year Naches Yoakimm Total Escopement’ Harvest’ Total nn
1957 764 1216 1980 4752 7913 12665
1958 284 531 815 1956 4401 6357
1959 306 255 561 1346 3464 4810
1960 126 184 310 744 3668 4412
1961 166 175 341 818 5044 5862
1962 153 76 229 550 4185 4735
1963 185 — — — 2992 —
1964 50 81 131 314 3241 3555
1965 53 %0 143 343 1763 2106
1966 9% 32 127 305 4800 5105
1967 58 97 155 388 3195 3583
1968 25 61 86 206 2430 2636
1969 50 309 359 862 618 1480
1970 48 23 7 170 1512 1682
1971 e 97 — — 1232 —
1972 55 101 156 374 480 854
1973 28 41 69 166 3221 3387
1974 30 40 70 168 1748 1916
1975 104 — - 600 —
1976 35 108 143 243 _ —
1977 10 121 131 314 — _
1978 %5 308 403 %7 — —
1979 153 86 239 574 — —
1980 13 353 466 1118 106 1224
1981 172 294 466 1118 216 1334
1982 54 573 626 1052 434 1686
1983 83 360 443 1240 84 1324
1984 220 634 854 2050 289 26771
1985 427 951 1378 3582 865 4527
1986 1298 1780 3078 7387 1300 8687
1987 675 956 1631 3204 546 4390
]_988 480 566 1046 3242 444 4247

520 933 1433 4172 747 4919
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Takle 12. ﬁdﬁg%mm&fuﬁ‘m %;m&f v]fgg%iy pessap;

4) Weekly propartion; (5 ve passage; (6) Qnulative
propaction
(1) (2) (3) (4) (5) (6)
18 506 24 0.0067 24 0.0067
19 513 36 0.0101 &0 0.0169
20 520 426 0.1196 486 0.1365
21 527 766 0.2151 1252 0. 3516
22 603 822 0.2308 2074 0.5824
23 610 481 0.1351 2565 0.7175
24 617 34 0.09%4 2909 0.8169
25 624 135 0.0379 3044 0.8548
26 701 105 0.0295 3149 0.8843
27 708 48 0.0135 3197 0.8978
28 715 54 0.0152 3251 0.9129
29 722 58 0.0163 3309 0.9292
30 729 41 0.0115 3350 0.9407
31 805 55 0.01%4 3405 0.9562
32 812 34 0.0095 3439 0.9657
33 819 18 0.0051 3459 0.9708
34 826 29 0.0081 3486 0.9789
35 902 16 0.0045 3502 0.9834
36 909 14 0.0039 3516 0.9874
37 916 13 0.0037 3529 0.9910
38 923 18 0.0051 3547 0.9961
39 930 14 0.0039 3561 1.0000

Median date: Jue 01

Tahle 13. ﬁd&‘ﬂw m“?&%”&y pessace;

4) Weskly propartion; (5) Qumilative pessage; (6) Qumulative
. ©)
(1) (2) (3) (4) (5) (6)
19 513 1 0.0047 1 0.0047
20 520 0 0.0000 0 0.0000
21 527 6 0.0284 7 0.0332
22 603 25 0.1185 32 0.1517
23 610 11 0.0521 43 0.2038
24 617 16 0.0758 59 0.2796
25 624 7 0.0332 66 0.3128
26 701 17 0.0806 83 0.3934
27 708 11 0.0521 94 0. 4455
28 715 12 0.0569 106 0.5024
29 722 18 0.0853 124 0.5877
30 729 11 0.0521 135 0.6398
31 805 17 0.0806 152 0.7204
32 812 11 0.0521 163 0.7725
33 819 12 0.0569 175 0.8294
34 826 13 0.0616 188 0.8910
35 o902 6 0.0284 194 0.91%4
36 909 10 0.0474 204 0.9668
37 916 4 0.0190 208 0.9858
38 923 2 0.0095 210 0. 9954
39 930 1 0.0047 211 1.0000

Mdian date: July 13
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Tehle 14. ﬁdﬁb%%dﬁ?m cate: (3], Wekly passace?)

4) Weekly proportion; Qmlative passacge; (6) Qnilative
jsiaveoiqules
(1) (2) (3) (4) (5) (6)
18 506 24 0.0064 24 0.0064
19 513 37 0.0098 61 0.0162
20 520 426 0.1129 487 0.1291
21 527 T2 0.2047 1259 0.3338
22 63 847 0.2245 2106 0.5583
23 610 492 0.1304 2598 0.6888
24 617 370 0.0981 2968 0.7869
25 624 142 0.0376 3110 0.8245
26 701 122 0.0323 3232 0.8568
27 708 2] 0.0156 3291 0.8725
28 715 66 0.0175 3357 0.8900
29 722 76 0.0201 3433 0.9101
30 729 52 0.0138 3485 0.9239
31 805 72 0.0191 3557 0.9430
32 812 45 0.0119 3602 0.9549
33 819 30 0.0080 3632 0.9629
34 826 42 0.0111 3674 0.9740
35 902 22 0.0058 3696 0.9799
36 909 24 0.0064 3720 0.9862
37 916 17 0.0045 3737 0.9907
33 923 20 0.0053 3757 0.9960
39 930 15 0.0040 3772 1.0000

Mxdian date: Jue 1

The nedian dates of passage at Roza Dam were June 1 and
July 13 for spring chinook adults and jacks respectively.
Upper Yakima Surveys: A total of 937 redds were

reported from surveys on the wupper Yakima and its
tributaries. The Cle Elum River total was 192, the
hi ghest count since surveys have been initiated. Ni ne
redds were |ocated above Easton Dam and a total of 707
were in the Yakim River between Easton and Roza Dans.

An additional 29 redds were discovered in the area
between Roza Dam and Selah Bridge.

Naches Survevs: There were a total of 520 redds

found on the Naches River in 1989. This represents a
slight increase from 1988.

Due to the probable fall-back of spring chinook at
Roza Dam as discussed earlier, the total passage of 3,756
is probably over-estinated. Thus, no estimates of fish
per redd have been presented. Hopefully, a tagging study

can be arranged to determine to what extent fall-back is
occurring in 1990.
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6.1.5 ESTIMATES OF SURVIVAL THROUGH VARI QUS LIFE STAGES
6.1.5.1 Egg to Fry:

Survival from egg to fry was investigated in 1985
and 1986 by capping a nunber of redds in the upper Yakinm
with fine-neshed nets equipped with 1live-boxes on their
downstream ends (see BPA Annual Reports for 1985 and
1986). An estimate of the nunber of eggs deposited in
these redds was obtained by snagging (with hook and Iine)
spent females off the redd, and substituting their Ilength
into the length-fecundity relationshinp. The fry were
counted out of the live-boxes on a daily basis from early
March through June. Survival from egg to energent fry
was estimted as the total nunmber of fry removed divided
by the estimted egg deposition. Mean survival was
estimated as 62.5 percent in 1985 and 56.7 percent in
1986. The nmean of these estimtes, 59.6 percent, has
been assumed to be characteristic of the system

Estimates of total egg deposition in the Yakim
Subbasin have been revised substantially in the wake of
intensive scrutiny associated with the production of the
Yaki ma Subbasin Plan (Watson, 1989). New estimates for
subbasin egg deposition (Table 15) in the brood years
1981t hrough 1987 were generated as follows. As before,
total egg deposition was estinated as the sum of three
di stinct subareas--the upper Yakima River, the Anerican

River, and the Naches system exclusive of the American
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River (Table 15). because of the differential age and
size distributions of females spawning in each subarea.
The age distribution of females spawning in a given
subarea and year was estimted from the length (md-eye
hypural) distributions of recovered carcasses and an
age/length relationship developed for fel ale Yakima River
spring chinook. The latter relation ship was based on
over 600 fish of known length (md-eye hypural) collected
from the subsistence fishery and froa spawning grounds
which were aged by scale analysis. ‘“his relationship
assigned a probability of age to each small increnent of
| ength--e.g., (nunmber age-1V 60-65 cm/(total nunmber fish
60-65 cm in dataset). Age-specific nean fecundities for
a given subarea and year were then determ ned by
substituting age-specific nean lengths into the |ength-
fecundity relationshinp. Finally, the egg conplenent of
the redds in a given subarea and year was assuned to
reflect the age distribution of the spawners: viz., if
x, y and z percent of the fenale spawners were three-,
four-, and five-year-olds, then x, y, and z percent of
the redds were assunmed to contain the egg conplenent of
the average three-, four- and five-year-old female for
the subarea and year wunder consideration. Thus, t ot al
egg deposition was estinated as the product of age-
specific fecundity and "age-specific r. dd nunber" summed

over all ages and subareas.
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Table 15 -Egg deposition estimates for Yakima Basin spring chinook, 1981-1987.

Procedure: The egg complement of the redds attributed to each substock in a given year is
assumed to reflect the age distribution of the spawners : if x, y and z percent
of the females were threes, fours and fives, respectively, then x, y and z
percent of the redds are assumed to contain the egg complement of the average
three-, four- and five-year-old female for the suhstock and year at issue. The
age-specific mean lengths for females of all three substocks, as listed in
Table 1a6., are entered in the length-fecundity expression described in
Table Ibl., the resulting numbers are multiplied by the appropriate number of
redds, and the products are summed over all age classes.

FRACTION AGE- REDDS
FEMALES -SPECIFIC NUMBER FROM EGGS DEPOSITED
BROOD AT MEAN MEAN OF FEMALES -----m--mmmmmeeeen
YEAR SUBSTOCK AGE AGE LENGTH(a.)FECUNDITY  REDDS AT AGE SUBSTOCK  BASIN
1981  AMERICAN 11 0 0 0 72 0 0
(SMOLT AMERICAN 1V 0.814 66.7 5286 72 58.608 309817
YEAR ~ AMERICAN \ 0.186 71.4 6204 72 13.392 83083
1983)
NACHES 11 0 0 0 100 0 0
NACHES v 0.888 62.8 4525 100 88.8 401802
NACHES \ 0.112 73.2 6555 100 11.2 73420
U. YAKIMA 11 0.034 48 1635 294 9.996 16345
U. YAKINMA IV 0.955 57.6 3510 294  280.77 985364
U. YAKIMA V 0.011 68.7 5677 294 3.234 18359 1888189
1982  AMERICAN 11 0 0 0 11 0 0
(SMOLT AMERICAN IV 0.814 66.7 5286 11 a.954 47333
YEAR  AMERICAN \ 0.136 71.4 6204 11 2.046 12693
1984)
NACHES 11 0 0 0 43 0 0
NACHES v 0.888 62.8 4525 43  38.184 172775
NACHES \ 0.112 73.2 6555 43 4.816 31571
U. YAKIMA 11 0.034 48 1635 573 19.482 31855
U. YAKIMA v 0.955 57.6 3510 573 547.215 1920454
U. YAKIMA \ 0.011 68.7 5677 573 6.303 35781 2252462
1983  AMERICAN 11 0 0 0 36 0 0
(SMOLT AMERICAN v 0.814 66.7 5286 36 29.304 154909
YEAR  AMERICAN \ 0.186 71.4 6204 36 6.696 41541
1985)
NACHES 11 0 0 0 47 0 0
NACHES v 0.888 62.8 4525 47  41.736 188847
NACHES \ 0.112 73.2 6555 47 5.264 34507
U. YAKIMA 11 0.034 48 1635 360 12.24 20014
U. YAKINMA IV 0.955 57.6 3510 360 343.8 1206568
U. YAKIMA V 0.011 68.7 5677 360 3.96 22480 1668866
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Table 15 Cont*. Egg deposition estimates for Yakima Basin spring chinook, 1981-1987.

FRACTION AGE~ REDDS
FEMALES -SPECIFIC NUMBER  FROM EGGS DEPOSITED
BROOD AT MEAN MEAN OF FEMALES —-========m=mmmome
YEAR  SUBSTOCK  AGE AGE  LENGTH(a.)FECUNDITY REDDS AT AGE SUBSTOCK  BASIN
1984  AMERICAN i 0 0 0 72 0 0
(SMOLT  AMERICAN v 0.668 68.7 5677 72 48.096 273029
YEAR  AMERICAN v 0.332 76.1 7122 72 23.904 170235
1986)
NACHES i 0 0 0 148 0 0
NACHES v 0.896 58.8 3744 148 132.608 496458
NACHES v 0.104 73.8 6673 148 15.392 102703
U. YAKIVA 111 0.04 44.3 913 634  25.36 23146
U. YAKIMA 1V 0.96 56 3197 634 608.64 1945888
U. YAKIHA Vv 0 0 0 634 0 0 3011460
1985  AMERICAN i 0 0 0 141 0 0
(SMOLT ~ AMERICAN 1V 0.736 64.2 4798 141 103.776 497932
YEAR  AHERICAN v 0.264 75.5 7004 141  37.224 260733
1987)
NACHES i 0.1 46.8 1401 286 28.6 40064
NACHES v 0.714 64.7 4896 286 204.204 999735
NACHES v 0.186 73.6 6633 286  53.196 352874
U. YAKIMA 111 0 0 0 951 0 0
U. YAKIMA 1V 0.977 60.5 4076 951 929.127 3786865
U. YAKIMA V 0.023 72.9 6497 951 21.873 142104 6080308
1986 AMERICAN  [I1 0 0 0 464 0 0
(SMOLT AMERICAN IV 0.422 70.9 6106 464 195.808 1195663
YEAR  AMERICAN v 0.578 77.6 7414 464 268.192 1988500
1988)
NACHES i 0 0 0 849 0 0
NICHES v 0.626 66.6 5267 a49 531.474 2799134
NACHES v 0.374 76.6 7219 a49 317.526 2292289
U. YAKIMA 111 0.012 44.3 913 1774 21.288 19430
U. YAKIMA 1V 0.97s 59 3783 1774 1729.65 6543010
U. YAKIMA v 0.013 72.9 6497 1774  23.062 149829 14987855
1987 AMERICAN 111 0 0 0 222 0 0
(SMOLT ~ AMERICAN IV 0.454 62.8 4525 222 100.788 456045
YEAR  AMERICAN v 0.545 78.4 7571 222 120.99 915975
1989)
NACHES i 0 0 0 455 0 0
NACHES v 0.574 66.9 5325 455  261.17 1390812
NACHES v 0.426 76.5 7200 455  193.83 1395516
U. YAKIMA 111 0 0 0 1063 0 0
U. YAKIMA 1V 0.921 60.8 4134 1063 979.023 4047573
U. YAKIMA v 0.078 72.5 6419 1063  82.914 532200 8738121

The length-fecundity expression used is

: 195_248(MEHP length) - 7736.78. Note that the

lack of sex-specific data for the American and Naches substocks in the years 1980-83
necessitated the use of 1980-83 mean figures for age distribution and length.
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Note that total egg deposition for the years 1988
and 1989 has not yet been estinated by the refined
procedure described above. This is so because there has
not yet been time to estimate age distributions from the
length frequencies of carcasses recovered during spawner
surveys. Until this analysis is completed, egg
deposition wll be deternmined by the procedure used in
previous Annual Reports. The old procedure used the nean
lengths of fenales in each subarea (as observed in the
1985 spawner survey) andt hel ength-fecundity
relationship to estimte the nean fecundity for spawning
ferales in the Anmerican River (6,198 eggs), the upper
Yakima River (3,908 eggs) and the Naches system exclusive
of the Anerican (5,150 eggs). The product of redd nunber
and mean fecundity summed over subareas gave egg
deposition. Using this old procedure, provisional
estimates of egg deposition for the years 1988 and 1989

are as follows:

BROOD NUMBER

YEAR  SUBARFA_OF REDDS FEGGS/REDD_FGG DEPOSITION

1988  Anerican 239 6,198 1,481, 322

Yakima Béd 5,150 1,241, 150

3,908 2,211,928

Total 4,934, 400

1989 Anerican 187 6, 198 1,159, 026

Yakima 828 5, 150 1, 714, 950

3,908 3.626.624

Tot al 6,500,600

The estinmated nunber of fry produced from the egg

deposition in the 1981through 1989 brood vyears is
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summari zed in Table 16. Again, these figures are based
on an estimated 59.6 percent egg to energent fry survival
rate.

Tabl e 16. Estimated fry production from eggs deposited in the
Yakima Basin from 1981 through 1989.

BROOD YEAR TOTAL EGG DEPOSTITION % SURVIVAL TOTAL FRY

1981 1,888,189 59. 6 1,125,360
1982 2,252,462 59. 6 1,342,467
1983 1,668,866 59. 6 994, 644
1984 3,011,460 59. 6 1,794,830
1985 6,080,308 59. 6 3,623,864
1986 14,987,855 59. 6 8,932,762
1987 8,738,121 59. 6 5,207,920
1988 4,934,400° 59. 6 2,940,902
1989 6,500, 600° 59. 6 3,874,358

a. Provisional esti nmate.

6.1.5.2 Egg to Snolt:

Estimates of egg to snolt survival have also been
revised and reinterpreted as a result of the intensive
nodel i ng exercises conducted during Subbasin Planning.
A description of the nature of these revisions follows.

Al though brood year egg deposition and snoltpassage
at Prosser can both be estimated with sone accuracy, a
| arge degree of wuncertainty is associated with estimting
egg to snolt survival. The problem arises from the fact
that a substantial nunber of smolts are |lost before
reaching Prosser Dam and the counting station. If egg
to smolt survival is expressed in terms of the number of

smolts surviving to Prosser, egg to smolt survival wll
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be underestimated by a factor equal to the proportion of
fish lost in nmoving from upstream "staging areas" to the
counting station. This "pre-Prosser"” survival rate has
been terned the "snolt to smolt" survival rate: the
survival rate of snolts from their mgratory starting
point in the upper watershed to a point far down in the
wat er shed, often defined as the confluence wth the
Col unmbi a. Smolt to snolt survival nust be determined if
egg to snolt survival is not to be confounded wth the
| osses suffered by fish en route to Prosser. Mor eover ,
snmolt to snolt survival rates are inportant in their own
right; as wll be seen, they may be small enough to
represent a very serious Ilimting factor on snolt
producti on.

Smolt to snolt  survival. Smolt to snmolt  survival

has been estimated for both hatchery and wld fish. The
survival of hatchery fish from release points ranging
from 57 to 145 nmiles above Prosser has been poor since
monitoring began in 1983. Over the past six years, the
mean survival of hatchery spring chinook, steelhead, fall
chinook and coho has been 30 percent, 25 percent, 27
percent and 48 percent, respectively.

Rel eases of marked wld spring chinook snolts
trapped at Roza and Wpatox Dans in April of 1988 (see
Appendix C., 1988 Annual Report) allowed the estimation

of wild snmolt to snolt survival rates through three ngjor
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m gratory reaches: from Wapatox Dam on the Naches to
Sunnyside Dam on the Yakim; from Sunnyside Dam to
Prosser Dam;, and from Prosser Dam to the Col unbia
confl uence. El even distinctively cold-branded groups of
wild Naches system spring chinook were released
i medi ately bel ow Wapatox Dam and twelve groups of upper
Yakima snolts were released above Roza Dam (four groups)
above Sunnyside Dam (four groups), and several hundred
yards below Sunnyside Dam (four groups). The mean
survival of the "above Roza,"” "above Sunnyside," and
"bel ow Sunnysi de" groups to Prosser was 56, 61 and 54
percent, respectively (mean = 57 percent). As there was
no significant difference anong survival rates for upper
Yakima smolts released at these |ocations, it was
concluded that essentially all Ilosses in the reaches
i nvestigated occurred between Sunnyside and Prosser Dans,
and that the survival through this reach is on the order
of 57 percent. The nean survival of Naches snolts from
Wapatox to Prosser was 40 percent, and this value was
assuned characteristic of the reach.

The Naches confluence is upstream of Sunnyside.

Thus, the product of the survival from Wpatoxto

Sunnysi de and Sunnysideto Prosser (0.57) should be O0.40,

and :
(Survival Wapatox to Sunnyside)(0.57) = 0.40, and
(Survival Wapatox to Sunnyside) = 0.40/0.57 = 0.70.
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Finally, adjusting Wpatox releases for the extra 30
percent nortality incurred between Wapatox and Sunnysi de,

the nmean survival of all release groups (Naches and upper
Yaklima) to MNary Dam was 35 percent. Thus, the product
of the survival from Sunnyside to Prosser (0.57) and

Prosser to MNary is 0.35, and:

(0.57)(Survival Prosser to MNary) = 0.35, and
(Survival Prosser to MNary) = 0.35/0.57 = 0.61.
The relative survival in the Yakima from Prosser to the

Col umbia confluence, and in the Colunbia from the Yakinm
confluence to MNary, is unknown. However, both of these
reaches are of approximately the sane |ength. If |osses
t hrough these reaches are a function of di st ance,
survival from Prosser to the confluence and from the
confluence to MNary might be equivalent. In the absence
of data, this assunption was nade, and survival rates
through both reaches were assumed to be approximately 80
percent--(0.8)(0.8) = 0.64 =-0.61). Thus, cunulative
survival of wld spring chinook smolts from Roza Dam to
the Colunbia confluence is approximately (0.57)(0.8) or
46 percent, and cunulative survival from Wapatox to the
Colunbia is approximately (0.4)(0.8) or 32 percent.

The mean survival to Prosser of aclimated hatchery
spring chinook snolts has been about 60 percent of the
rate observed for wld snmolts in 1988. (Stress-rel ated

nortalities are mnimzed by pond-acclinmation: thus, the
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proper hatchery rates to conpare with the wld smols
survival rates should involve acclimated releases.) In
the absence of additional data, it has been assuned that
curmul ative in-basin survival of hatchery spring chinook
snolts will be about 40 percent lower than the wild rate.
It is speculated that this difference my be attributable
to the failure of hatchery-reared fish to |I|earn
appropriate predator avoidance behavior (see below).
From 1984 to the present, an increa sing nunber of
screens and snolt by-pass systens have been rebuilt, and
by April of 1989, all mejor diversion on the mai nstem
Yakima were refitted with state-of-the-art screens.
Nevert hel ess, snoblt survival rates have renmined |ow.
Continuing poor snmolt survival mght be mainly
attributable to predation in reaches of the open river,
particularly those reaches below mmjor diversions. These
reaches can be severely dewatered during dry springs.
The predator under greatest suspicion is the northern
squawfi sh, although gulls and herons are known to feed
heavily on snolts in a few |ocations. The specific
nmechani sm proposed is as follows. River flows, water
velocities and nean depths in the niddle and |ower
reaches of the river drop substantially during the course
of the outnmigration as tenperatures rise and irrigation
demand increases reduced velocityies extend mgration

tim prolonging the period of vulnerability. In a dry
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spring, these drops are earlier an nore pronounced. As
the river shrinks and fewer near-shore refuges are
accessible, snolts and predators are concentrated in
smaller areas, and the consunption rates of predators
increases (the functional response). Snolts at the end
of the outmigration could be especially hard hit, as
i ncreasing water temperatures accelerate predator
consunption rates.

The literature indicates smolt losses of the
magni t ude observed in the Yakinma could be minly or
entirely caused by squawfish. In the last two weeks of
April, 1987, when 57 percent of the spring chinook
outmi gration occurred, the passage at Prosser was
estimated at 141,000 spring chinook snolts. Assum ng
1/14th of this nunber entered the reach from Sunnyside
Dam to Prosser Dam each day of these two weeks, the nean
smolt density in the Sunnyside to Prosser reach would
have been 1130 smolts per square kilometer. Vigg (1988)
devel oped a functional response relationship for
squawfish in the John Day Reservoir predicting predator
consunption rates (snolts/predator/day) as a function of
smolt density. This relationship suggested that
squawfish in the Sunnyside to Prosser reach in the Ilast
two weeks of April, 1987, would have been consum ng about
0.3 snolts per day. (Note that this figure is probably

low, as the area of the reach wused in the density
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cal culation was based on bank-full flow Flows in late
April, 1987, were not bank-full, and density may have
been twice as great as the figure used. A consunption
rate of 0.3 snolts/squawfish/day nay, however, be fairly
descriptive of the nean rate over the entire outmigration
period.) The total outmigration in the spring (Mrch
t hrough June) of 1987 was 252, 000. Assuming 57 percent
of this figure was lost in the Sunnyside to Prosser
reach, the total nunber entering the reach nust have been
252,000/ .57 or 442,000, and the nunber lost was therefore
190, 000. If squawfish feed at a rate of 0.3
snol t s/ day/ squawfi sh over a 68-day period (April through
the first week of June), it would take 190, 000/ (68 X 0.3)
or about 9,300 squawfish to consunme 190,000 snolts. |If
the consunption rate were 1 snolt/day, the necessary
popul ation would be only 2,800 squawfish.

Squawfi sh populations as large as 9,300 could easily
reside in the Yakim system The total area of the
mai nstem Yakima and Naches drainage (at bank-full flows)
is about 3,030 hectares. If squawfish densities in the
Yakima are conparable to the |a/hectare observed in Lake
Washi ngton (Bartoo, 1977), as many as 36,360 squawfish

could reside in the drainage.

Egg to snolt survival. Egg to smolt survival for

brood years 1981through 1987 are summarized in Table 18.

Note that egg deposition estimates have been revised as

52



previously discussed, and annual outmigrationtotals have
been limted to "spring migrants," defined as smolts
passing Prosser between March |I|and June 30. I n
addition, an effort was made to nmake outmigration totals
tenmporally conparable--viz., to nake each year's total
reflect a mgration period of exactly Mrch 1 through
June 30. This effort entailed the extrapolation of catch
rates "backward in time, i to account for late starting
dates, as well as the occasional use of mean catch rates
observed at the beginning and end of periods of downtine
to estimate passage when the trap was tenporarily out of
oper ati on. Because of these revisions, the outmigration
figures for earlier brood years (1981-1986) presented in
Table 17 wll differ from figures published in earlier
Annual Reports.

Note that egg to smolt survival (S is expressed

ess)
in two ways in Table 17. The egg to smolt survival rate
expressed in terms of "smolts at Prosser"” was calcul ated
by dividing the nunber of spring outmigrants counted at
Prosser by egg deposition; consequently, this figure
reflects wupstream snolt | osses. This is the type of S5,
reported for the Yakima River by Myjor and M ghell
(1969). The rate expressed in ternms of "headwater

smol ts" estimates S as if survival from headwater

e/s
rearing areas to Prosser were 100 percent. In the latter

cal culation, it was assuned that dividing the

53



Table 17. Egg to smolt survival (Sess) for brood years 1981 through
1987 (snolt runs of 1983 through 1989) in the Yakinma
Basin (Note that only snmolts passing Prosser in the
period March 1 through June 30 are counted).

Pig 4

BROOD EGG PROSSER HEADWATER PROSSER HEADWATERS
YEAR DEPOSITION SMOLTS SMOLTS (percent) {percent)
1981 1,888,189 165, 145 342,624 8.7 18.1

1982 2,252,462 143,327 297,359 6.4 13.2

1983 1,668,866 96,333 199,861 5.8 12.0

1984 3,011,460 180, 789 375,081 6.0 12. 4

1985 6,080,308 251,975 522,770 4.1 8.6

1986 14,987,855 282,409 587,085 1.9 3.9

1987 8,738,121 92,928 192,797 1.1 2.2

outmigration as observed at Prosserby the mean, basin-w de survival

rate (to Prosser) would correct for losses in transit. Wighted by
relative snolt capacity in the Naches and upper Yaki ma drai nages,

this basin-wide survival rate is approximately 48 percent. (Note
that these "egg to headwater smolt" survival rates are intended only
asr oughappr oxi mat i ons. Layi ngasi det hei ssueof t heaccuracy and
campleteness of the "headwater to Prosser" survival rates estimated
for the 1988 outmgration, it is certain that in-basin survival

rates will vary between years.)

Note that the nunber of winter migrants (pre-smolts passing
Prosser in the winter preceding their second spring) produced by the
brood years 1985, 1986 and 1987 represented, respectively, 23.7,
20.0 and 15.2 percent (mean = 19.7 percent) of total brood year
outmgration. If winter mgrants are considered functionally
equi valent to typical spring smolts, and if “20 percent of every

outmigration consists of winter migrants, thenbot htypesofeggto
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smolt survival rates should be increased by 20 percent.

It is instructive to compare the egg to smolt survival rates
estimated in recent years with the estimtes Mjor and M ghel
(1969) made in the early 1960s. 1n1987 Dick Major graciously
supplied the YIN Fisheries staff with the raw data upon which egg
to smolt survival rates were estinmated for the brood years 1957-1961
(srmolt outmgrations of 1959-1963). YIN staff re-analyzed this
data, and estimted egg deposition and spring snolt production by
the same procedures employed in recent years. The results of this
anal ysis are summarized in Table 18, which is directly conparable

to Table 17.

Tabl e 18. Egg to smolt survival(Sw%)for brood years 1957 through
1961 (snolt runs of 1959 through 1963) in the Yakim
Basin (Note that only snolts passing Prosser in the
period March 1 through June 30 are counted).

Se £ Se S

BROOD EGG PROSSER HEADWATER A’l‘ PROSSER AT HEADWATERS
YEAR DEPOSITION SMOLTS SMOLTS (percent) (pexcent)
1957 12,052,000 467,196 969, 286 3.9 8.0

1958 4,586,000 259,552 538, 490 5.6 11.7

1959 3,351,000 214,895 445, 840 6.4 13.3

1960 1,483,000 104,304 216, 398 7.0 14. 6

1961 2,653,000 273,388 567,195 10. 3 21. 4

The nost significant feature of the figures in Table
17 is the pronounced downward trend in survival,
especially over the last four outmgrations. It is also
significant that egg to snolt survival appears to have

declined in the past 25 years: expressed in terns of
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smolts at Prosser, the nean Se/s for brood years 1957-61
was 6.66 percent, whereas the nmean for the brood years
1981-1987 is 27 percent lower, at 4.85 percent.

The estinmates of egg to _headwater snolts survival
rates for both areas appear reasonable. The inverse
releationship between egg deposition and survival
i ndi cates density dependence, and the survival rates
associated with |lower egg conplenents approach or exceed
20 percent, approaching the theoretical estimate of zero
density egg to snolt survival (26 percent) derived by the
Power Council's WMdeling and Evaluation Goup. It should
be noted that the mean egg to snolt survival rate in the
198Cs, expressed in terns of headwater snpblts, conpares
favorably with the survival rates Bjornn (1978) estinmated
for spring chinook on the Lermhi R ver in |Idaho. Hi s
estimates ranged from 4.0 to 15.9 percent, with a nmean
of 9.8 percent; the Yakima figures range from 2.2 to 18.5
percent, with a nmean of 10.1 percent. The significance
of this simlarity mght be that the Lemhi River above
Bjornn's <counting facility typically provides a nuch
safer migration corridor than the Yakina.

There are at least two possible explanations for a

higher egg to smolt survival rate in the early 1960s than

in the 1980s. The first is that, for critical r eaches

and at critical times, river flows were generally higher
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25 years ago. The second, and nore serious possibiity
is that, under existing flow conditions, the system may
be approaching its juvenile carrying capacity.

Snolt losses in the reach between Sunnyside Dam and
Prosser Dam can be expected to be inversely related to
river flow during outmgration, especially if the
predatory nechanism proposed in the previous section is
val i d. As can be seen in Table 19, river flows at
Prosser Dam and below Sunnyside Dam averaged 5,447 cfs
during April and May in the early 196Cs, but only 3,861
cfs in the 1980s. Simlarly, April-May flows below
Sunnysi de Dam averaged 3,459 cfs in the early 196Cs, and
2,442 cfs in the 1980s. Moreover, wnter flows in the
main rearing and overwintering area, the Yakima Canyon,
were higher in the 1960s than the 1980s. Lower winter
flows in the Canyon reduce the accessibility of near-
shore overwintering habitat (e.g., riprapped banks, root
wads and other large organic debris), force nore fish to
weat her the w nter wunprotected, and thus probably reduce
overwi nter survival. The nmean overwinter flow in the
Canyon in the 1980s (1,047 cfs) is 45 percent |ower than
the nean flowinthe 1960s (1,900 <cfs). For the
outmgrations of 1985 through 1988, nean winter flows in
the Canyon were 772 cfs, 59 percent lower than the nean
of the 1960s.

However inportant the changes in the hydrograph over
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the past 25 years may be, another concern is alnost
certainly nore inmportant: whether or not the existing
system is approaching carrying capacity. A detailed
computer sinmulation of spring chinook production in the
Yaki ma system was an integral part of the Yakim Subbasin
Plan (Watson, 1989). After the nodel was calibrated to
existing run sizes, it was wused to { estimate maximm
sustained yield to the termnal (i.e, Yaki ma River)

fishery. The simulation of the existiing system predicted
the MSY runsize (into the Yakima) would be 4,910 fish,

that the MSY exploitation rate w |Id be 29 percent
(producing a catch of .29(4,719) or 1,368 fish), and that
the MSY spawning escapenment would be 2,680. These
figures are not too dissimlar from the existing
condi ti on. Since 1987, returns to the Yakina have been
4,390, 4,247 and 4,920 (nean=4,519), respectively. Over
the sane three vyears, terminal harvests have been 546,

444 and 747 (mean=579, termnal harvest rate has been
12, 10 and 15 percent (nean=12.3 percent), and spawning
escapenent has been 3,294, 3,242 and 4,173 (nean=3, 570).

Thus, although runsizes are sinmlar to MSY |levels,

term nal exploitation has been |ower and spawning
escapenment has been |arger. In an att empt to predict the
equilibrium condition of the existing "population

exploited at current rates, the nodel was run for 100

years with a termnal exploitation rate of 1 .5 percent

58



Wien this was done, the population reached equilibrium
at a runsize of 8,003 fish, with a termnal catch of
1,000 fish and a spawning escapenent of 7,003. Thus,
relative to the predicted equilibrium fishery, the system
is currently producing at 4519/8003 or 56.6 percent of
maxi mum

It is unclear whether a population producing at 56
percent of capacity "should" display egg to snolt
survival rates as low as those observed in the past two
years. If declining egg to smolt survival rates are
solely the result of density dependent processes, one

woul d expect evidence of —conpetition in the snolts

nonitored at Prosser. In particular, one would expect
to see a decline in condition factor. If, on the other
hand, declining survival rates have little to do wth
intraspecific conpetition, [|ittle change in condition
factor would be expected. This issue will be pursued in
the next Annual Report, and will be investigated in depth

in the Conpletion Report.

59



Tabl e 109.

of known snolt

Mean April-May flows on the Yakina River at two sites
| oss (Prosser Dam and the reach bel ow

Sunnysi de Dam), and mean winter flows (Cct ober - February)
in the major spring chinook overwintering area ( Yaki ma

Canyon)

( Note that flows are specific to the year of

outmgration: e.g., for the 1959 outmigration, flows
were averaged at Prosser and Sunnyside Damfor April and
May of 1959, and in the Yaki na Canyon for Cctober, 1958,

through February, 1959.)

MFEAN FLOWS

AT- ER

APRII~MAY
(cfs)

MEAN FLOWS
BELOW
SUNNYSI DE DAM
APRII~MAY
(cfs)

MIPAN F1LOWS

YAKIMA CANYON

OCTOBER-FEBRUARY

PRECEDING SPRI NG

OF OUIMIGRATION
(cfs)

'59=5497 '83=6538
'60=5169 '84=3973
'61=8082 '85=3179
'62=3963 '86=2911

'63=4523 '87=3342

'59=3493 '83=4778
'60=3352 '84=2561
'61=5903 '85=2021
'62=1964 '86=1291

'63=2583 '87=1756

'59=2226 '83=1468
'60=3119 '84=1742
'61=1271 '85=892
'62=1328 '86=924

'63=1557 '87=687

'88=2545 '88=1423 '88=586
189=4541 '89=3261 '89=1032
AVG 5447 3861 3459 2442 1900 1047

6.1.6.4 Smolt to Adult:

The snoltto adult (Sg,) survival

based on the 1983 snolt

outmigration estimated at Prosser and the 1984 return of jacks (3

year old fish), the 1985 return of four

year

old adults, and the

1986 return of five year old adults to the Yakima River i s reported
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in Table 20. It was estimated that 6,012 wild three, four, and five
year old fish returned from an estimated snolt outm gration of
135,548 fish in 1983

The snmelt t0 adult (Sg) based on the 1984 snolt outm gration
esti matedat Prosser and the 1985 return of jacks, the 1986 return
of four year old adults and the 1987 return of five year old adults
to the Yakima River is reported i nTabl e 21.

The snelt t0 adult (Sg) based on the 1985 snolt cé&nigration
esti mat edat Prosser and the 1986 return of jacks, the 1987 return
of four year old adults, and the 1988 return of five year old adults
to the Yakima River isreport& inTable 22

The snolt to adult (Ssa) based on the 1986 snolt outmgration
estimated at Prosser and the 1987 return of jacks, the 1988 return
of four year old fish, and the 1989 return of five year old adults
to the Yakima Rver is reported inTabl e23.

The snolt t0 adult (Ssa) based on the 1987 snplt outnmigration
estimated at Prosser and the 1988 return of jacks and the 1989
return of four year old adults to the Yakima River is reported in

Tabl e 24.
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Tahle 20. Estimation of amilt to adult survival of the 1983 amilt

atmigration fraom the Yakima system.
Adilt (4 year ald) rets
( Total ail.)Lt rebim (4's + 5's) to Prosser 3,783
plus adilt harvest below Prosser 321
Total rebumm of adult (4's +5's) to system 4,104
AdlltstglR'Jza; , b 2,2155
us 237 (spesning below Roza
plm%lslﬁrvestabwem)c 361
Total adults to Yakima © 2,723
Aduilts to Naches © ¢ 1,198
plus 183 (harvest above Prosser) 133
Total adults to Naches | 1,381
times 50% (4 yesr old fish) 9 691
Total for ald retarms to system 3,414
plus jacks retirred in 1984 248
plus five yesr old rebams in 1986 2,440
Total 3, 4, ad 5 ald retums 6, 102
mnsmtdmyﬁdy\ear 90
Total wild 3, 4, ad 5 year ald rebms 6,012
Wild smlts autmigrating in 1983 135, 548
Sevival (5;) = _6,102 = 4. 4%
335,548

2 Total adults counted at Roza fish ladder.

Spring chinook <calculated to spawn in Yakima River
bel ow Roza dam from 91 redds at 2.6 fish/redd
= 237 fish.
© Estimate of percentage of 544 spring chinook that were

harvested above Prosser and below Roza that would have

%one up Yaki nma. Based on 66.3% of adult run returning
q To the Yakima and 33.7% to Naches.

Estimated that 100% of the adults in the Yakim are

four year old fish. _
¢ Estimaied as total return of adults to system minus

adult count at Roza mnus spawning below Roza ninus
¢ _ harvest between Prosser and Roza.

Estimate of percentage of 544 fish harvested above
Prosser and bel ow Roza that would have returned to the
Naches system (33.7%.

9 Estimated that 50% of the adults in the Naches system
are four year old fish.

h From Table 22.
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Table 21. Estimation of awilt to adult survival of the 1984 smolt

anmigration fram the Yakima system.
Ault (4 year old) rehms
Total adult retum (4's + 5's) to Prosser 8,563
plus adult harvest below Prosser 530
Total refirn of adult (4's +5's) to system 9,093
zmltstglnozaa ( b 2,967
us 706 (spemning below Roza) 706
plus 504 (harvest above Prosser) © 540
Total adults to Yakima ¢ 4,213
Adults to Naches © 4,610
plus 270 (harvest above Proeser) f 270
Total adults to Naches 4,880
times 50% (4 year qld fish) ¢ 2,440
Total four ald retimrs to system 5,163
plus Jacks retirmsd in 1985 h 423
plus five year cld retiems in 1987 1,010
Total 3,4, ad 5 year old rebums 6,596
mirus hatchery fish 30
Total wild 3, 4, ard 5 year dld rehnrs 6,566
Wild Smlts autmigrating in 1984 123,732
Survival (Sy) = 6,519 = 5.3%

123,732

2 Total adults counted at Roza fish [|adder.

Spring chinook calculated to spawn in Yakim R ver

tf)_el (r)]W Roza dam from 321 redds at 2.2 fish/redd = 706
i sh.

Estimate of percentage of 544 spring chinook that were
harvested above Prosser and below Roza that would have
gone up Yakina. Based on 66.7% of adult run returning

c

fo the Yakima and 33.3% to Naches. ,
Estimated that 100% of the adults in the Yakima are
four year old fish.
Estimated as total return of adults to system mnus
adult count at Roza mnus spawning below Roza mnus
harvest between Prosser and Roza.

Estimate of percentage of 810 fish harvested above
Prosser and below Roza that would have returned to
the, Naches system $33.3%.

Estimated that 50% of the adults in the Naches system
are four year old fish.

From Table 23.
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Tahle 22. Estimation of amolt to adult arvival of the 1985 amilt
attmigration fram the Yakima system.

Ault (4 year ald) rebus
Total

t rebmm (4's + 5's) to Prosser 3,683
plus adult harvest below Prosser 222
Total rebum of adilt (4's + 5's) to system 3,905
2dults to Roea ® ) 1%%
15253 spewning below Roza
pl above Prosser) © 115
'Ibtalaiﬂts'ooYa]dnad 1,978
Aults to Naches © 1,868
plus 183 (I'arwstabmePrcmer)
Total adilts to Nadhes 1,925
times 50% (4 year ald fish) ? 963
o]drettm’stoqzstem 2,941
plusjadsggmumedm% 349
plus :Elvey!ae\rQldnet:urrsJn1988h 1,010
Total 3, 4an:15year01drehms 4,300
mrusrﬂtd'zexy 245
Total wild 3, 4, ad 5 year ald rebus 4,065
Wild amilts atmigrating in 1985
Sxvival (S;) = 4,05 = 4.9%
83,614

a
b

Total adults counted at Roza fish | adder.

Spring chinook calculated to spawn in Yakima R ver
}gelgw Roza dam from 125 redds at 2.02 fish/redd = 253
ish.

Estimate of percentage of 174 spring chinook that were
harvested above Prosser and below Roza that would have
one up Yakina. Based on 66.3% of adult run returning
o the Yakinma and 33.7% to Naches.

Estimated that 100% of the adults in the Yakima are
four year old fish.

Estimated as total return of adults to system minus
adult count at Roza nminus spawning below Roza ninus
har vest betvveen Prosser and Roza.

Esti mat e }:})Drcentage of 544 fish harvested above

Pr osser and elow Roza that would have returned to the
Naches gstem 33. 7%

Esti mted that 50% of the adults in the Naches system
are four year old fish.

from Table 24.
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Tahle 23. Fstimatiom of smlt to adult survival of the 1986 amilt

At (4 year ald) rehurs
Total t reimm (4's +5's) to Prossear 3,590
plus adult harvest below Proeser 333
Total retimn of adult (4's +5's) to system 3,923
Adults to Roea ® 1,633
plus 46 spmmrgbelmkm) 46
phs 73 above Prosser) © 73
Total adults to Yakima ¢ 1,752
2dilts to Naches © 2,133
plus 38(tmwstatxwePrtsser) 38
Total adilts to Naches 2,171
times 50% (4 year ald fish) ? 1,086
ald returrs to system 2,838
plmjajsgiretun‘aimw 335
plus five year ald retirms in 1989 1,086
Total 3,4 ad 5 year ald retums 4,259
mrus hatchery fish 196
Total wild 3, 4, ad 5 year cld retimrs 4,063
Wild smolts astmigrating in 1986 169, 077
Smvival (S;) = 4.063 = 2.4%

169, 077

® Total adults counted at Roza fish |adder.

Spring chinook calculated to spawn in Yakim River
?el cr)]w Roza dam from 19 redds at 2.04 fish/redd = 46
is

© Estimate of percentage of 111 spring chinook that were

har vest ed above Prosser and below Roza that would have

gone up Yaki ma. . Based on 66.3% of adult run

Feturning to the Yakima and 33.7% to Naches.
Esti'mat'ed that 100% of the adults in the Yakima are
four year old fish.

® Estimated as total return of adults to system ninus

adult count at Roza minus spawning below Roza mnus

harvest between Prosser and Roza.

Esti mate of percentage of 111 fish harvested above

Prosser and below Roza that would have returned to the

Naches gstem (33. 70/3

9 Estimated that 50% the adults in the Naches system
are four year old fish
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Tahle 24. Estimation of smlt to adilt survival of the 1987 awilt
adtmigration fran the Yakima system.

Mult (4&%:1&@11:5

t retirn (4's + 5's) to Prosser 4,115

plus adult harvest below Prosser 560

Total retim of adult (4's + 5's) to system m
Adults to Roea ° . b 3,548
Blis 154 (vest sbove Proes) © 154

Total adilts to Yakima © 3,731

2dults to Naches ¢ ¢ 881
plus 6 (harvest above Prosser) 62
Total adults to Naches 943
times 50% (4 year ald fish) ¢ 472
Total for ald retums to system 4,203
plusja:ksg

rebamed in 1988 324
Total 3 ard 4 year ald rebumrs 4,527
mins hatchery fish
Total wild 3 ad 4 year old rebims 4,348
Wild smolts autmigrating in 1987 251, 975
Srvival (S,) = 4,348 = 1. 7%
251,975
® Total adults counted at Roza fish |adder. NOTE- RECENT
STUDY AT ROZA DAM | NDI CATED THAT THER WERE MANY FI SH
THAT M GRATED THROUGH ROZA DAM AND THEN FELL BACK DO
THIS COULD CONFOUND THESE REPORTED  NUMBERS.
Spring chinook calculated to spawn in Yakima River
?elgw Roza dam from 29 redds at 2.04 fish/redd = 46
ish.

© Estimate of gercentage of 187 spring chinook that were
a

harvest ed ove Prosser and below Roza that would have
gone up Yaki na. Based on 66.3% of adult run returning
fo the Yakima and 33.7% to Naches.
Estimated that 100% of the adults in the Yakima are
four year old fish.
Estimated as total return of adults to system ninus
adult count at [Roza mnus spawning below Roza ninus
harvest between Prosser and Roza.
Estimate of percentage of 187 fish harvested apove
Prosser and bel ow Roza that woul d have returned to the
Naches system (33.7%).
9 Estimated that 50% of the adults in the Naches system
are four year old fish.

e

f
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6.2 HATCHERY OPERATI ONS
6.2.1 OUTPLANTI NG STUDI ES
6.2.1.1 Smolt releases

Three groups of spring chinook snolts were rel eased
from Mary's pond at RM 192 on the Yakina River and a
fourth group was transported from Leavenworth Nationa
Fish Hatchery and scatter-planted directly into the upper
Yakima River between RM 155 and 200 in 1986 and 1987,
to evaluate the effectiveness of rearing and releasing
hybrids and acclimating fish in earthen ponds and then
allowing for a volitional release as snolts.

Simlar releases were nade from Nle Springs pond
and the wupper Yakima River in 1983 and 1984 and from
Mary's pond and the upper Yakina River in 1985 to conpare
acclimation ponds vs. direct river releases. The 1986
rel ease groups represented the first tine the wild x wld
and wild x hatchery hybrids were released. The 1987
release groups were a repetition of the 1986 releases.
The 1983 release groups returned as six year old adults
in 1987 and the 1984 release groups returned as four year
old adults in 1986 and five year old adults in 1987. The
1985 release groups returned as four year old fish in
1987 and five year old fish in 1988. The 1986 release
groups returned as four year old adults in 1988. Ct her
release strategies tested were June fry plants and
Septenber and Novenber parr releases in 1984 and 1985.
Their survival rates wll be discussed in the Hatchery

Adult Return section of this report.
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6.2.2 BROOD STOCK EVALUATI ONS

An experinental brood stock program was undertaken
in 1984 and <continued inl1l985 to evaluate the
ef fectiveness of using spring chinook adults from the
Yakima River as a source of ganetes for hatchery reared
fish in an attenpt to mmintain the genetic conponents

indigenous to the Yakima Basin. Crosses were nade to

obtain four different release groups; wl nales and wild
females, wild males and hatchery fenale: and two groups
of hatchery nmmles and fenales. The firs t three groups
were released in acclimtion ponds and ie fourth group
was released directly into the Yakim |, er and conpared
with survival of group three - a cor tinuation of the
acclimation pond vs. river release study. The required

crosses were made in 1984 and 1985 from Yakima R ver
brood stock adults taken from the Roza adult trap. The
hybrids were reared at Leavenworth National Fish Hatchery
and released as snolts. The first releases, the 1984
brood year products, were nade from Mary's pond and the
upper Yakima in 1986. The resulting progeny of the 1985
crosses were released at the sane locations in 1987.

Survival of each release group was calculated at Prosser
smolt trap for snolt survival. The survival to returning
adults wll be determined for each group through 1990
when the five year old adults from the 1987 snolt

rel eases return to the river.

6.2.3 ADULT HATCHERY RETURNS
Spring chinook adults from ten different hatchery

rel ease groups were recovered in 1989. These fish were
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identified by the coded wre tags recovered from the
adult trap at Roza Dam the Yakima River cerenonial
di pnet fishery, and from spawning ground surveys and
carcass recovery surveys conducted on the Yakima and
Naches River systens in August, Septenber and OCctober of
1989. All  fish passing Roza Dam were inspected for
adi pose clips and were sacrificed if clipped, to increase
the recovery of coded wire tags. Table 25 presents the
release data for all hatchery groups that could possibly
return to the Yakima system as three, four, five or six-
year-old fish in 1989 (one six year old adult was found
in 1989). The 1989 tag recoveries were from a 1985 upper
Yakima release group; the 1986 upper Yakina groups; the
1986 pre-smolt release groups and the 1986 and 1987
Mary's pond release groups. The expanded recoveries for
each of the release groups is presented in Table 26. The
adult returns from experimental releases wll be analized

after the five (5) year old returns or 1990.
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Brood Tag code Total nnber  Release site Nunber Mark rate
year released taoed (%)
1981 5=13-38 29,725 Nile E?ﬂn;s 4,529 94.8
1981 5~-13-39 97,725 %ﬁer akima 94,198 97.1
1982 51147 29,636 e Sgnrgs 28,450 96.0
1982 51148 45, 552 akima 41,573 97.7
1983  5-15-33 45,195 Fod . 43,297 95.8
1683 5-15-32 42,210 Uper Yakim ﬁl) 40,436 95.8
1983 5-15-28 102, 837 Ugper Yakima ) 93,064 90.5
1983 51529 102, 833 Ugper Yakima (Sept. 93, 064 9.5
1983 5-15-30 108,305 %egﬂea}um ) 102,229 94.4
1983 5-12-23 25,794 K 40,434 87.0
1984 51545 100,750 Ugper Yakima (June) 96,216 95.5
1984 51546 101, 724 Upoer Yakima(Sept.) 95,621 94.0
1984 51547 101, 522 Uper Yakima ) 95, 431 94: 0
1984 51548 , oer Yakima 46,858 92.5
1984 5-1549 51,846 Mary's Fad 47,076 90. 8
1984 5-15-50 46,476 Mary's Rad 40,434 87.0
1984 5-15-51 33,052 Mary's Rxd 29,449 89.1
1985 ;g:% 50,113 Uper Yakima 42,796 85.4
1985 ;%7,% 50,519 Mary's Pai(H) 44, 436 84.8
1985 5-17-55 52,392 Mary's chﬂm 44,899 85.7
1985 5-14-46,47,48 56,841 Mary's Boxd 47,576 83.7

Table 26. Estimated exparded rebinrs of hatchery released amilts.

Soxce of Nunber Saple Saple Mxrk Total
Tgoode reovwery® reovwered rate epaded rate recovery
5-15~32 4 1 1.00 2 .958 2
5-15-46 4 6 1.00 21 .40 23
5-15-47 4 5 1.00 18 .40 [2
5- E- 48 4 3 1.00 22 .925 23
51549 4 3 1.00 28 .908 29
5-17-38 4 25 1.00 24 .854 26
517-55 4 25 1.00 27 .857 29
5-17-56 4 33 1.00 6 .848 6
5- E- 46 4 17 1.00 14 .837 15
5-15-47 4 25 1.00 6 .837 7

a Recovery aode 1 = Zae 6 omsemmem] ard subsisterce fishery; 2 = Yakim
River dipret fishery; 3 = Naches spemer and carcass surveys; 4 = Yakima
River Roea fish trap; 5-Rattlesreke Qreek sperer suarveys.
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APPFNIIIX A.

Prosser Dam adult saring chinock cants for
Aril, 1989

Prosser Dam adult spring chinook coats far
My 1989

Prosser Dam adult sxing chinook ocouats far
Jue, 1989

Prosser Dam adult sring chinodk cants far
July, 1989

Prosser Dam adult sring chinock conts far
Anust, 1989
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Appendix Table A.1. Prosser Dam adult spr .ng chinook counts for April, 1989.

DAILY CUMULATIVE
DATE | WCKJ WCKA HCKJ HCKA | WCKJ WCKA HCKJ HCKA |
01-Apr 0 0 0 0 ! 0 0 0 0
02-Apr 0 0 0 0 0O o0 0 0
03-Apr 0 0 0 0 0 o0 0 0
04-Apr 0 0 0 o 0 0 0 0
05-Apr 0 0 0 0 0 0 0 0
06-Apr 0 0 0 0 0 0 0 0
07-Apr 0 0 0 0 0 o0 0 0
Od-Apr 0 0 0 0 0 0 0 0
09-Apr 0 0 0 0 0 0 0 0
10-Apr 0 0 0 0 0 0 0 0
11-Apr 0 0 0 0 0 0 0 0
12-Apr 0 0 0 0 0 0 0 0
13-Apr 0 0 0 0 0 0 0 0
14-Apr 0 0 0 0 0 0 0 0
15-Apr 0 0 0 0 0 0 0 0
16-Apr 0 1 0 0 0 1 0 0
17-Apr 0 0 0 0 0 1 0 0
18-Apr 0 0 0 0 0o 1 0 0
19-Apr 0 0 0 0 0 1 0 0
20-Apr |0 0 0 0 0 1 0 0
2Apr 0 1 0 0 | 0o 2 0 0
2:Apr 0 1 0 0 ‘ 0 3 0 0
23-Apr 0 2 0 0 | 0 5 0 0
24-Apr 0 5 0 0 0 10 0 0
25-Apr 0 10 0 1 ' 0 20 0 1
26-Apr 0 13 0 2 ‘ 0 33 0 3
27-Apr 0 46 0 0 | 079 0 3
28-Apr 138 0 1 ‘ 117 0 4
29-Apr 2 3 0 4 ‘ 3 148 0 8
30-Apr 7 0 2 | 4 180 0 10
April |
Total 4 180 0 10 4 180 0 10

Interpolation on 4/22 thru 4/25.
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Appendix Table &.2.

CUMULATIVE

WK WCKA HCKJ HCKA

10
12
12
12
15
15
26
27
30
33
33
37
42
50
58
67
71
77
88

850
924
1019
1192
1381
1540
1790
2010
2181
2384
2558
2702
2774
2891

101 3024
119 3156
137 3250
147 3311
157 3389
164 3436
173 3498
180 3555
185 3610
191 3635

01-Hay 1 48 0 2 ii
02-May 2 69 0 1

03-May 3 93 0 1

0Q-Hay 2 106 0 10

05-Hay 0 89 0 9
06-Hay 0 106 0 2

07-Hay 3 63 0 1

08-Nay 0 9% 0 7 |
09-Hay 11 L 0 7 )
10-May | 95 0 9

ll-Hay 3 173 0 8

12-Hay 3 189 0 7

13-Hay 0 159 0 13

14-May 4 250 0 6

15-May 5 220 0 1

16-Hay 8§ 17 0 3

17-May 8 203 0 7

18-Hay 9 174 0 12 |
19-Nay 4 144 0 8 ’
20-Hay 6 12 0 2 |
21-May 1 123 0 4 (
22-May 13 127 0 a

23-May 18 132 0 5 }
24-May 18 94 0 8

25-May 10 61 0 0 >
26-May 10 78 0 3 |
27-Hay 7 47 0 3 [
28-Hay 9 62 0 2

29~May 7 57 0 2 1
30-Hay 5 55 0 1 ‘
31-Hay 6 25 0 3 |
Hay 1
Total | 187 3455 0 165 f!

O O OO OO OO OO OO O DO OO OO O OO OO OO OO OO

104
107
114
126
134
136
140
148
153
161
161
164
167
169
171
172
175

Prosser Dam adult spring chinook counts for Hay, 1989.

175
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Appendix Table A.3. Prosser Dam adult spring chinook counts for June, 1989.

DAILY CUMULATIVE

DATE | WCKJ WCKA HCKJ HCKA | WCKJ WCKA ACKJ HCKA |
01-Jun 2 32 0 0 ; 193 3667 0 175
02-Jun 5 37 0 1 198 3704 0 176
03-Jun 2 03 0 0 210 3737 0 176
04-Jun 5 15 0 0 215 3752 0 176
05-Jun 6 7 0 1 221 3759 0 177
06=Jun 0 10 0 | 221 3769 0 178
07-Jun 0 8 0 0 221 3777 0 178
08-Jun 0 7 0 0 221 3784 0 178
09-Jun 0 5 0 1 221 3789 0 179
10-Jun 0 3 0 0 221 3792 0 179
I1-Jun 0 3 0 0 221 3795 0 179
12-Jun 1 10 0 0 222 3805 0 179
13-Jun 3 9 0 1 225 3814 0 180
14-Jun 0 1 0 1 225 3815 0 181
15-Jun 0 3 0 1 225 3818 0 182
16-Jun 31 0 3 228 3835 0 185
17-Jun 3 19 0 3 231 3854 0 188
18-Jun 1 14 0 0 232 3868 0 188
19-Jun 0 4 0 0 232 3812 0 188
20-Jun 11 0 0 233 3884 0 188
21-Jun 1 5 0 1 234 3889 0 189
22-Jun 0 7 0 0 234 3896 0 189
23-Jun 1 1 0 0 235 3897 0 189
24-Jun 1 0 0 0 236 3897 0 189
25-Jun 0 1 0 0 236 3898 0 189
26-Jun 0 2 0 0 236 3900 0 189
27-Jun 1 0 0 0 237 3900 0 189
28-Jun 0 0 0 0 237 3900 0 189
29-Jun 0 0 0 0 237 3900 0 189
30-Jun 0 2 0 1 | 237 3902 0 190

June ' | ¥ |

Total | 46 27 0 15 |l 27 s 0 w0

Interpolation on 6/15 thru 6/17.
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Appendix Table A.4. Prosser Dam adult spring chinook counts for July, 1989.

DAILY CUMULATIVE

DATE | WCKJ WCKA HCKJ HCKA || WCKJ WCKA HCKJ HCKA |
01-Jul i 1 0 0 2 ii 238 3902 0 192 i
02-Jul 0 0 0 0 238 3902 0 192
03-dul | 0 5 0 0 Il 35 3907 0 192 |
o4-qul | 2 2 0 0 1 240 3909 0 192 |
05-3ul | 0 1 0 1 1 240 3910 0 193 ‘
06-Jul | 0 2 0 1 I 240 3912 0 194 |
07-dul | 2 0 0 o I 2 3e1) 0 19 ‘
os-qul | 0 3 0 0 i 242 3915 0 1% |
09-gul | 1 1 0 0 N 243 3016 0 1%
10-Jul | 0 0 0 0 1 243 3916 0 1% |
11-gul | 1 0 0 0 Il 2 3916 0 194 ‘
12-qul | 0 1 0 0 /| 24 3917 0 19 !
13-Jul l 0 0 0 0 I 44 3917 0 19 ‘
waul | o 0 0 0 i A4 3917 0 194 |
15-3ul | 0 0 0 0 1 A4 3917 0 194 ‘
el | o 0 0 0 I 2 3917 0 1% |
17-qul | 0 1 0 0 I 2 3918 0 1%
18-3ul | 0 0 0 0 /| 244 3918 0 19 '
lo-qul | o 1 0 0 2 3919 0 194 ‘
20-Jul | 0 0 0 0 i 24 3919 0 194 |
21-dul | 0 0 0 0 I 20 3919 0 194 ‘
22-Jul | 0 0 0 0 I 24 3919 0 1% !
23| 0 0 0 0 2 3019 0 194 |
2-qul | 0 0 0 0 1 244 3919 0 1% |
25-qul | 0 0 0 0 1 s 3919 0 1% |
%-0ul | o 0 0 0 1 204 3019 0 194 !
27-3ul | 0 0 0 0 20 3019 0 1% ‘
wqul | o 0 0 0 11 24 3919 0 1% |
29-jul | 0 0 0 0 o 2a0 3019 0 194 ‘
-l | o 0 0 0 {’ 244 3919 0 1% {
31-Jul } 0 0 0 0 ,! 244 3919 0 194

July | Y |
Total f 717 0 4 !! 244 3919 0 194 f

77



Appendix Table A.5. Prosser Dam adult spring chinook counts for August, 1989.

Total | 0 2 0 0

DAILY CUMULATIVE

DATE | WCKJ WCKA HCKJ HCKA || WCKJ WCKA HCKJ HCKA !
01-Aug 0 0 0 0 244 3919 0 194
02-Aug 0 0 0 0 244 3919 0 1%
03-Aug 0 0 0 0 244 3919 0 194
04-Aug 0 2 0 0 244 3921 0 194
05-Aug 0 0 0 0 244 3921 0 194
06-Aug 0 0 0 0 244 3921 0 194
07-Aug 0 0 0 0 244 3921 0 194
08-Aug 0 0 0 0 244 3921 0 194
09-Aug 0 0 0 0 244 3921 0 194
10-Aug 0 0 0 0 244 3921 0 194
11-Aug 0 0 0 0 244 3921 0 194
12-Aug 0 0 0 0 244 3921 0 194
13-Aug 0 0 0 0 244 3921 0 194
14-Aug 0 0 0 0 244 3921 0 194
15-Aug 0 0 0 0 244 3921 0 194
Aug H \

| Il 3t 0 1w
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APFENIX B.

Roza Dam adult swring chinock comts for
May, 1989

Roza Dam adult sxring chinook coats far
Jue, 1989

Roza Dam adult sering chinook cants far
July, 1989

Roza Dem adult sprring chineck caunts for
Axust, 1989

Roea Dam adult spring chinock conts for
Septarber, 1989
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Appendix Table B.1. Roza Dam adult spring chinook counts for Hay, 1989.

DAILY CUNULATIVE

DATE  WCKJ WCKA HCKJ HCKA ! WCKJ WCKA HCKJ HCKA
01-Bay 0 0 0 0 ” 0 0 0 0
02-Kay 0 0 0 0 0 0 0 0
03-Nay 0 6 0 0 0 6 0 0
04-May 0 3 0 1 0 9 0 1
05-Kay 0o 4 0 0 0 13 0 1
06-Kay 0o 9 0 1 0 2 0 2
07-Nay 0 16 0 3 0 38 0 5
08-Nay 0 o0 0 0 0 38 0 5
09-Kay 0 1 0 1 0 49 0 6
10-Hay 0 0 0 0 0 49 0 6
11-Hay ) 0 0 0 51 0 6
12-Hay 11 0 0 ) 0 6
13-Hay 0o 1 0 1 153 0 7
14-Kay 0 23 0 4 176 0 1
15-Hay 0 54 0 5 {130 0 16
16-Hay 0 141 0 1B 1 0 29
17-Kay 0 59 0 5 } 1330 0 34
18-Hay 0 2 0 3 1 3% 0 37
19-Kay 0 3 0 u ) 1 390 0 48
20-Nay 0 45 0 3 1 43 0 51
21-Kay 9 0 3 } 2 5% 0 s
22-Nay 0 110 0 5 2 63 0 5
23-Nay 0 1 0 8 ’ 2 778 0o
24-Nay 3 113 0 9 l 5 891 0%
25-May 0 11 0w 5 1002 0 8%
26-Hay 1107 0 2 | 6 1109 I
27-:ay 153 0 2 ; i;gg 0 gg |
28-Ka 0 68 0 5 0

29-Ha¥( 0 T4 0 8 } 7 1304 0 103 }
30-Kay 1127 0 5 8 1431 0 108
31-Nay 3 184 0 7 |l 11 1615 0 115

Na ) 11 T
Thal | 11 1615 0 115 H 1 1615 o us |
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Appendix Table B.2. Roza Dam adult spring chinook counts for June, 1989.

DAILY CUNULATIVE

DATE | WCKJ WCKA HCKJ HCKA || WCKJ WCKA HCKJ HCKA |
01-Jun 9 130 0 5 i 20 1745 0 12
02-Jun 143 0 7 21 1788 0 127
03~Jun 1151 0 8 32 1939 0 135
04-Jun {58 0 5 33 1997 0 140
05-Jun 3 1 0 4 36 2119 0 144
06-Jun 0 57 0 6 36 2176 0 150
07-Jun 2 15 0 4 38 2251 0 154
08-Jun 0 49 0 6 38 2300 0 160
09-Jun 147 0 5 39 2347 0 165
10-Jun | 0 2 43 2388 0 167
11-Jun 790 0 8 50 2478 0 175
12-Jun 93 0 5 51 2571 0 180
13-Jun 4T 0 3 55 2648 0 183
14-Jun 0 28 0 0 55 2676 0 183
15-Jun 1 1 0 2 56 2688 0 185
16-Jun 0 5 0 1 56 2693 0 186
17-Jun 32t 0 9 59 2714 0 195
18-Jun 0 3 0 3 59 2717 0 198
19-Jun 0 12 0 0 59 2729 0 198
20-Jun 12 0 1 60 2755 0 199
21-Jun 0 2 0 6 60 2775 0 205
22-Jun 2 2% 0 5 62 2801 0 210
23-Jun 0 1u 0 0 62 2812 0 210
24-Jun 42 0 1 66 2833 0 a1
25-Jun 2 U 0 2 68 2847 0 213
26-Jun 2 36 0 0 80 2883 0 23
27-Jun 110 0 0 | &1 2803 0 213
28-Jun 0 5 0 1 81 2898 0 214
29-Jun 2 0» 0 1 83 2921 0 215
30-Jun 0 4 0 1 Il 83 2925 0 216
June i ii

Total | 72 1310 0 100 ;8 2925 0 216
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Appendix Table B.3. Roza Dam adult spring chinook counts for July, 1989.

DAILY CUMULATIVE

DATE | WCKJ WCKA HCKJ HCKA !l WCKJ WCKA ECKJ HCKA |
01-Jul 0 8 0 0 83 2933 0 216
02-Jul 3w 0 0 86 2945 0 216
03-Jul 316 0 2 89 2961 0 218
04-Jul 0 6 0 0 89 2967 0 218
05=-Jul 1 3 0 0 90 2970 0 218
06-Jul 2 4 0 0 92 2974 0 218
07-Jul 2 3 0 1 94 2977 0 219
08-Jul 0 1 0 0 94 2978 0 219
09-Jul 1 6 0 0 95 2984 0 219
10-Jul 0 3 0 0 95 2987 0 219
11-Jul 2 7 0 0 97 2994 0 219
12-Jul 416 0 0 101 3010 0 219
13-Jul 5 13 0 0 106 3023 0 219
14-Jul 0 4 0 0 106 3027 0 219
15-Jul 0 5 0 0 106 3032 0 219
16-Jul 0 0 0 0 106 3032 0 219
17-Jul 3 7 0 0 109 3039 0 219
18-Jul 3 9 0 0 112 3048 0 219
19-Jul 313 0 0 115 3061 0 219
20-Jul 316 0 1 118 3077 0 220
21-Jul 3 7 0 0 121 3084 0 220
22-Jul 3 5 0 0 124 3089 0 220
23-Jul 1 2 0 1 125 3091 0 221
24-Jul 21 0 0 127 3102 0 22
25-Jul 2 8 0 0 129 3110 0 221
26-Jul 0 5 0 0 129 3115 0 22
27-ul 6 12 0 0 135 3127 0 22
28-Jul 0 2 0 0 135 3129 0 22
29-Jul 0 0 0 0 135 3129 0 22
30-Jul 3 4 0 0 138 3133 0 22
31-Jul 2 13 0 2 140 3146 0 223
July ,
Total 5 221 0 7 140 3146 0 223

Interpolation on 7/19.
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Appendix Table B.4. Roza Dam adult spring chinook counts for August, 1989.

DAILY CUNULATIVE
DATE | WCKJ WCKA HCKJ HCKA Il WCKJ WCKA HCKJ HCKA |
01-Aug 4 7 0 0 ” 144 3153 0 223
02-Aug 8§ 20 0 0 152 3173 0 223
03-Aug 0 4 0 0 152 3177 0 223
04-Aug 0 2 0 1 152 3179 0 224
05-Aug 0 2 0 0 152 3181 0 24
06-Aug 3 4 0 0 155 3185 0 224
07-Aug 4 9 0 0 159 3194 0 224
08-Aug 4 14 0 0 163 3208 0 224
09-Aug 0 4 0 0 163 3212 0 24
10-Aug 0 1 0 0 163 3213 0 224
11-Aug 0 0 0 0 163 3213 0 224
12-Aug 0 2 0 0 163 3215 0 24
13-Aug 2 3 0 0 165 3218 0 224
14-hug 5 4 0 0 170 3222 0 224
15-Aug 4 4 0 0 174 3226 0 224
16-Aug 0 0 0 0 174 3226 0 24
17-Aug 0 0 0 0 174 3226 0 24
18-Aug 0 0 0 0 | 1748226 0 24
19-Aug 1 7 0 0 175 3233 0 24
20-Aug 2 4 0 0 177 3237 0 24
21-Aug 5 7 0 0 ) 182 3244 0 224
22-hug 4 4 0 0 || 1863248 0 24
23-Aug 2 4 0 3 )| 1883252 0 227
24-hug 0 1 0 0 188 3253 0 221
25-Aug 0 4 0 2 )' 188 3257 0 229
26-hug | 0 0 0 0 || 1888257 0 229
21-Aug | 3 3 0 0 [| 191 3260 0 229
28-Mug | 0 6 0 3 || 1913266 0 23
29-Aug | 0 0 0 0 [| 1913266 0 23
30-Aug | 3 2 0 0 | 194 3268 0 23
31-Auq 0 2 0 0 h 194 3270 0 23
Au? | ]
Total | 54 124 0 9 ” 194 3270 0 232
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Appendix Table B.5. Roza Dam adult spring chinook counts for September, 1989.

DAILY CUNULATIVE

DATE , WCKJ WCKA HCKJ HCKA | WCKJ WCKA HCKI HCKA |
01-Sep 0 0 0 0 H 194 3270 0 232
02-Sep 0 0 0 0 194 3270 0 232
03-Sep 4 3 0 0 198 3273 0 232
04-Sep 0 0 0 0 198 3273 0 232
05-Sep 5 4 0 0 203 3277 0 232
06-Sep 1 5 0 0 204 3282 0 232
07-Sep 0 0 0 0 204 3282 0 232
08-Sep 0 1 0 1 204 3283 0 23
09-Sep 0 0 0 0 204 3283 0 23
10-Sep 2 5 0 0 206 3288 0 23
11-Sep | 3 0 1 207 3291 0 234
12-Sep 1 3 0 1 | 208 3204 0 2%
13-Sep 0 0 0 0 208 3294 0 235
14-Sep 0 0 0 0 208 3294 0 2%
15-Sep 0 0 0 0 208 3294 0 235
16-Sep 0 0 0 0 I 208 3204 0 2%
17-Sep 1 6 0 0 | 209 3300 0 2%
18-Sep 0 4 0 0 209 3304 0 235
19-Sep 1 0 0 0 | 210 3304 0 235
20-Sep 0 7 0 1 210 3311 0 23
21-Sep 0 0 0 0 | 210 3311 0 23
22-Sep 0 0 0 0 210 3311 0 236
23-Sep 0 0 0 0 | 210 3311 0 23
24-Sep 1 5 0 0 | 211 3316 0 236
25-Sep 0 5 0 0 211 3321 0 23
26-Sep 0 0 0 0 | 211 3321 0 23
27-Sep 0 4 0 0 211 3325 0 236
28-Sep 0 0 0 0 | 211 3325 0 236
29-Sep 0 0 0 0 | 211 3325 0 236
30-Sep Discontinued trapping. [ 211 3325 0 236

Sept i i

Total " , 17 55 0 4 211 3325 0 236 |
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APPENIIX C.

Proeser spring chinock smolt winter astmigration for
Noverber, 1988

Prosser sring chinock smlt winter autmigration for
Decenber, 1988

Prosser spring chinook smlt winter astmigration for
Janary, 1989

Prosser spring chinock smolt winter atmigration far
Femaary, 1989

Prosser spring chinook smlt winter admigration for
March, 1989

Prosser spring chinock smilt cutmigration for
Awil, 1989

Prosser spring chinodk smilt cutmigration for
May, 1989

Prosser spring chinook smolt autmigration for
Jue, 1989

Prosser spring chinock amlt artmigration for
July, 1989
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Appendix Table C.1. Prosser spring chinook smolt winter outmigration for November, 1988.

CANAL RIVER P.D.C. SUB CATCH PASSAGE SEASON PERCENT
DATE DISCHARGE DISCHARGE % EFF. SANPLE CHIN. CHINOOKCUHULATIVECUMULATIVE

11/23/88 1206.68 457.23 7252 0945 1 48 51 51 0.2
11/24/88 1209.47 632.85 65.65 0902 1 48 53 104 0.5
11/25/88 1216.95 662.23 64.76 0.894 1 125 140 244 1.2
11/26/88 1220.83 561.13 6851 0922 1 1010 1095 1339 6.5
11/27/88 1226.07 517.42 70.32 0.933 1 613 657 1996 9.7
11/28/88 1212.88 490.39 71.21 0938 1 1304 1390 3386 16.4
11/29/88 1287.11 456.98 73.80 0951 1 636 669 4055 19.6
11/30/88 1371.52 527.22 7223 0944 1 644 683 4738 22.9
Nov
Total 4428 4738
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Appendix Table C.2. Prosser spring chinook smolt winter outmigration for December, 1988,

DATE

CANAL

RIVER

P.D.C.

DISCHARGE DISCHARGE %

12/01/88
12/02/88
12/03/88
12/04/88
12/05/88
12/06/88
12/07/88
12/08/88
12/09/88
12/10/88
12/11/88
12/12/88
12/13/88
12/14/88
12/15/88
12/16/88
12/17/88
12/18/88
12/19/88
12/20/88
12/21/88
12/22/88
12/23/88
12/24/88
12/25/88
12/26/88
12/27/8%
12/28/88
12/29/38
12/30/88
12/31/88

1353.11
1365.76
1363.47
1337.44
1346.21
1341.26
1342.27
1344.65
1369.43
1364.84
1362.23
1352.41
1357.69
1367.86
1355.96
1292.73
1261.12

883.25

968.08
1056.28
1108.34
1173.62
1215.14
1206.05
1196.83
1188.78
1185.21
1187.33
1218.69
1249.97
1287.81

Interpolation on 12/15-12/20,

626.88
691.98
508.15
361.44
410.33
392.79
386.44
480.8
723.46
838.22
934.62
1051.3
1063.52
1469.33
2291.78
2058.79
1711.41
1786.59
1533.87
1434.32
1332.04
1157.74
1040.13
966.26
879.72
799.95
646.6
513.17
591.82
660.26
808.37

EFF. SAHPLE CHIN.

----------------------------------

SUB CATCH PASSAGE  SEASON

PERCENT

CHINOOKCUMULATIVECUKULATIVE

268 291 5029
160 176 5205
122 129 5334
74 77 5411
105 109 5520
198 205 5725
102 106 5831
50 53 5884
32 36 5920
39 45 5965
35 42 6007
30 38 6045
215 271 6316
79 121 6437
199 6636

201 6837

204 7041

206 7247

209 7456

211 7667

200 338 8005
91 131 8136
132 174 8310
42 54 8364
42 52 8416
414 491 8907
175 196 9103
1376 1479 10582
311 340 10922
325 361 11283

211 245 11528

48286790
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24.3
252
258
26.2
26,7
217
28.2
28.5
28.6
28.9
29.1
29,2
30.6
31.1
32.1
33.1
34.1
351
36.1
37.1
38.7
394
40.2
40.5
40.7
431
44.0
51.2
52.8
54.6
55.8



Appendix Table €.3. Prosser spring chinook smolt winter outmigration for January, 1989.

CANAL RIVER P.D.C. SUB CATCH PASSAGE SEASON PERCENT
DATE DISCHARGE DISCHARGE *% EFF. SAMPLE CHIN.  CHINOOK CUMULATIVE CUMULATIVE

01/01/89 130561 1098.04 54.32 0.765 1 212 277 11805 57.1
01/02/89 1280.25 1107.06 53.63 0.754 1 88 117 11922 57.7
01/03/89 1290.69 102192 55.81 0.789 1 244 309 12231 59.2
01/04/89  1299.39 92191 5850 0.827 1 404 489 12720 61.5
01/05/89 130556 103486 55.78 0.788 1 373 13093 63.3
01/06/89 1316.59 1205.68 52.20 0.729 1 258 13351 64.6
01/07/89 1316.64 118954 5254 0.735 1 104 142 13493 65.3
01/08/89 129521  1103.29 54.00 0.760 1 209 275 13768 66.6
01/09/89  1304.30 957.36 57.67 0.816 1 205 251 14019 67.8
01/10/89  1301.04 952,76 57.73 0.816 1 167 205 14224 68.8
01/11/89 131155 984.43 57.12 0.808 1 163 202 14426 69.8
01/12/89  1327.30 92251 59.00 0.833 1 39 47 14473 70.0
01/13/89  1326.93 868.35 60.44 0.851 1 88 103 14576 70.5
01/14/89  1336.28 780.61 63.12 0.879 1 139 158 14734 71.3
01/15/89  1346.46 74531 6437 0.891 1 155 174 14908 72.1
01/16/89  1340.71 706.08 6550 0.900 1 97 108 15016 72.6
01/17/89  1330.28 662.21 66.76 0.910 1 46 51 15067 72.9
01/18/89 135091 768.35 63.74 0.885 1 15 17 15084 73.0
01/19/89  1367.49 107519 5598 0.791 1 29 37 15121 73.1
01/20/89 1367.85 134338 5045 0.696 1 31 45 15166 73.4
01/21/89 135478  1405.95 49.07 0.669 1 16 24 15190 735
01/22/89 134184 1298.17 50.83 0.703 1 14 20 15210 73.6
01/23/89 133471  1180.69 53.06 0.744 1 78 105 15315 74.1
01/24/89 1327.63 106234 5555 0.785 1 75 96 15411 74.6
01/25/89  1327.00 890.6 59.84 0.844 1 149 177 15588 75.4
01/26/89  1349.65 859.97 61.08 0.858 1 104 121 15709 76.0
01/27/89  1353.04 807.22 6263 0.874 1 101 116 15825 76.6
01/28/89  1357.39 759.26 64.13 0.889 1 46 52 15877 76.8
01/29/89  1359.92 71414 6557 0.901 1 86 96 15973 77.3
01/30/89  1362.46 665.42 67.19 0.913 1 49 54 16027 775
01/31/89 135156 748.77 6435 0.891 1 6 7 16034 77.6
Jan
Total 3159 4506

Interpolation on 1/5 and 1/6.
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Appendix Table C-4. Prosser spring chinook smolt winter outmigration for February, 1989.

CANAL RIVER P.D.C. SUB CATCH PASSAGE SEASON PERCENT
DATE DISCHARGE DISCHARGE $ EFF. SAMPLE CHIN.  CHINOOKCUNULATIVECUMULATIVE
02/01/89 1361.05 1801.57 43.04 0.538 1 0 0 16034 77.6
02/02/89 724.4 2649.75 21.47 0.140 1 3 16037 77.6
02/03/89 43 2303.82 1.83 0.026 1 3 16040 77.6
02/04/89 43 2217.27 1.90 0.027 1 3 16043 77.6
02/05389 43 2015.48 2.09 0.027 1 2 16045 77.6
02/06/89 43 2054.86 2.05 0.027 1 2 16047 77.6
02/07/89 43 219252  1.92 0.027 1 2 16049 77.6
02/08/89 43 2147.86 1.96 0.027 1 2 16051 77.6
02/09/89 43 2091.73 2.01 0.027 1 2 16053 77.7
02/10/89 43 2095.01 2.01 0.027 1 2 16055 77.7
02/11/89 43 2124.07 1.98 0.027 1 2 16057 77.7
02/12/89 43 2214.31 1.90 0.027 1 1 16058 77.7
02/13/89 43 2236.41 1.89 0.027 1 1 16059 77.7
02/14389 43 2058.7 2.05 0.027 1 1 16060 7.7
02/15/89 63.55 1980.66 3.11 0.030 1 1 16061 7.7
02/16/89 77.45 1981.1 3.76 0.031 1 1 16062 77.7
02/17/89 91.53 1907.26 4.58 0.034 1 1 16063 77.7
02/18/89  136.31 1762.03  7.18 0.042 1 1 16064 77.7
02/19/89 151.5 1607.08 8.61 0.048 1 0 16064 77.7
02/20J89 151 1601.22 8.62 0.048 1 0 16064 7.7
02/21/89 290.73 1452.33 16.68 0.095 1 0 16064 7.7
02/22/89 578.4 1318.03 30.50 0.271 1 0 0 16064 7.7
02/23/89 781.24 1084.05 41.88 0.512 1 27 53 16117 78.0
02/24/89 934.42 919.42 50.40 0,695 1 21 30 16147 78.1
02/25/89 1042.4 727.4 58.90 0.832 1 42 51 16198 78.4
02/26/89 1137.56 656.51 63.41 0.882 1 119 135 16333 79.0
02/27/89  1204.14 623.36 65.90 0.904 1 326 361 16694 80.8
02/28/89 1235.94 536.31 69.74 0.930 1 27 29 16723 80.9
Feb
Total 562 689

Interpolation on 2/2 = 2/22.
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Appendix Table C.5. Prosser spring chinook smolt winter outmigration for Harch, 1989.

DATE

03/01/89
03/02/89
03/03/89
03/04/89
03/05/89
03/06/89
03/07/89
03/08/89
03/09/89
03/10/89
03/11/89
03/12/89
03/13/89
03/14/89
03/15/89
03/16/89
03/17/89
03/18/89
03/19/89
03/20/89
03/21/89
03/22/89
03/23/89
03/24/89
03/25/89
03/26/89
03/27/89
03/28/89
03/29/89
03/30/89
03/31/89

CANAL

RIVER

P.D.C.

DISCHARGE DISCHARGE %

1267.55
1286.62
1269.43
1250.17
1236.3
1258.43
1292.74
1228.88
1101.55
904.07
527

152

43
116.86
479.71
740.75
1044.13
1259.22
1310.35
1340.1
1369.04
1396.74
1379.21
1414.82
1440.34
1443.99
1457.09
1451.26
1450.54
1446.79
1449.9

565.04
616.87
481.46
414.26
395.65
375.28
566.39
923.79
1040.33
1095.64
2958.47
4774.49
5142.33
4941.46
3902.78
3284.74
2756.84
2312.8
2127.56
1845.08
1750.61
1704.58
2054.45
1886.95
1736.7
1685.27
1645.43
1440.01
1329.87
1245.45
1299.22

69.17
67.59
72.50
75.11
75.76
77.03
69.53
57.09
51.43
45.21
15.12

3.09

0.83

2.31
10.95
18.40
27.47
35.25
38.11
42.07
43.88
45.04
40.17
42.85
45.34
46.14
46.96
50.19
52.17
53.74
52.74

0.927
0.916
0,945
0.956
0.958
0.963
0.929
0.808
0.715
0.587
0.084
0.030
0.024
0.028
0.059
0.110
0.220
0.364
0.427
0.516
0.557
0.583
0.473
0.534
0.590
0.607
0.625
0.691
0.728
0.756
0.738

SUB CATCH PASSAGE
EFF. SAMPLE CHIN. CHINOOK

—_ S b b b S b b b s b b e s b b b s s s s s S s s e

10
153

63
120
74
120
63
465

OO O O MU W RN R W

Interpolation on 3/10 - 3/16.
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SEASON

PERCENT

UMULATIVE CUMULATIVE

1 16734 81.0

167 16901 81.8

8 16990 82.2

6f 17056 82.5

125 17181 83.1

o 17258 83.5

i 17387 84.1

17465 84.5

9t 18116 87.6

Y 18686 90.4

490 19176 92.8

409 19585 94.7

328 19913 96.3

247 20160 97.5

167 20327 98.3

86 20413 98.7

5 20418 98.8

8 20426 98.8

5 20431 98.8

4 20435 98.9

4 20439 98.9

3 20442 98.9

6 20448 98.9

9 20457 99.0

3 20460 99.0

10 20470 99.0

14 20484 99.1

9 20493 99.1

51 20544 99.4

105 20649 99.9

23 20672 100.0
949




Appendix Table C.6. Prosser spring chinook smolt outmigration for April, 1989.

CANAL  RIVER  PDC. SUB CATCA PASSAGE  SEASON  PERCENT

DATE DISCHARGE DISCHARGE % EFF. SAHPLE CHIN ~ CHIN CUNULATIVE CUMULATIVE

04/01/89 1449 .84 123951 53.91 0.759 1
04/02/89 1455 .69 1169.72 55.45 0.783 1
04/03/89 1456.58 1147.75 55.93 0.791 1
04/04/89 1452.53 10456 58.14 0.822 1
04/05/89 1444.05 90699 61.42 0.862 1
04/06/89 1442.24  807.48 64.11 0.888 1
04 /07/89 1446.68 251449 36.52 0.392 |
04/08/89 1439.02 557297 20.52 0.130 1
04/09/89 1402.3 5903.96 19.19 0.117 1
04/10/89 1385.77 5227.16 20.96 0.135 1
04/11/89 1395.83 423498 24.79 0.181 1
04/12/89 1415.83 382393 27.02 0.213 1
04/13/89 1257.47 418436 23.11 0.159 1
04/14/89 1262.07 449756 21.91 0.145 1

04/15/89 1285.97 5550.91 18.81 0.113 1 366 3226 26043 30.3
04/16/89 1311.3 701272 15.75 0.088 1
04/17/89 1326.1 726239 15.44 0.086 1
04/18/89 1334.42 5871.02 18.52 0.111 1!
04/19/89 1354.02  4992.03 21.34 0.139 1
04/20/89 1380.03 518545 21.02 0.135 1
04/21/89 1347.37 642221 17.34 0.101 1
04/22/89 1336.88 6958.79 16.12 0,091 1
04/23/89 1352.04 639036 17.46 0.102 1
04/24/89 1370.51 543219 20.15 0.126 1
04/25/89 1383.73 448377 23.58 0.165 1
04/26/89 1419.06 380832 27.15 0.215 !
04/27/89 1442.04 3389.66 29.85 0.259 1
04/28/89 1445.97 307154 32.01 0.299 1
1
1

04/29 /89 1452.35 2765.52 34.43 0.347 652 1878 49702 55.8
04/30/89 1470.01 246193 37.39 0.410 684 1666 51368 57.7
April

Total 7990 51368

Interpolation on 4/16 and 4/23.
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Appendix Table C.7. Prosser spring chinook smolt outmigration for Hay, 1989.

CANAL RIVER P.D.C. SUB CATCH PASSAGE  SEASON PERCENT
DATE DISCHARGE DISCHARGE % EFF. SANPLE CHIN CHIN CUHDLATIVE CUHDLATIVE

05/01/89 1459.76  2304.19 38.78 0.442 1 2716 6151 57519 64.6
05/02/89 1449.21  2384.72 37.80 0.420 0.39 309 1888 59407 66.8
05/03/89 1460.3 2454.67 37.30 0.409 0.33 462 3427 62834 70.6
05/04/89 1457.02 2352.88 38.24 0.429 0.48 298 1446 64280 72.2
05/05/89 1449.83  2033.5 41.62 0.506 0.5 528 2087 66367 74.6
05/06/89 1456.84 19628 42.60 0.528 0.5 252 954 67321 75.6
05/07/89 1467.86  2407.78 37.87 0.421 0.5 936 4444 71765 80.6
05/08/89 1476.7 3345.88 30.62 0.273 0.66 299 1659 73424 82.5
05/09/89 1475.84  3635.6 28.87 0.243 0.67 265 1630 75054 84.3
05/10/89 1433.46  3544.9 28.79 0.241 0.67 154 953 76007 85.4
05/11/89 1402.47  5432.6 20.52 0.130 0.67 109 1251 77258 86.8
05/12/89 1388.39 6085.79 18.58 0.111 0.67 17 228 77486 87.1
05/13/89 1391.74 5514.73 20.15 0.126 0.67 72 851 78337 88.0
05/14/89 1392.95 4467.96 23.77 0.167 0.94 68 432 78769 88.5
05/15/89 1409.64 3893.52 26.58 0.206 1 188 911 79680 89.5
05/16/89 1398.29  3209.1 30.35 0.268 1 163 608 80288 90.2
05/17/89 1382.7 1817.86 43.20 0.542 1 331 611 80899 90.9
05/18/89 1385.76 124198 52.74 0.738 1 154 209 81108 91.1
05/19/89 1374.45 1041.04 56.90 0.805 1 220 273 81381 91.4
05/20/89 1374.92  909.66 60.18 0.848 1 266 314 81695 91.8
05/21/89 1376.94  740.86 65.02 0.896 1 138 154 81849 92.0
05/22/89 1375.1  616.77 69.04 0926 1 188 203 82052 92.2
05/23/89 1387.74  620.21 69.11 0.926 1 187 202 82254 92.4
05/24/89 1411.65 682.85 67.40 0.915 1 77 84 82338 92.5
05/25/89 1414.35 794.8 64.02 0.888 1 165 186 82524 92.7
05/26/89 1386.1  652.33 68.00 0.919 1 144 157 82681 92.9
05/27/89 1374.45  548.64 71.47 0.940 1 211 225 82906 93.2
05/28/89 1404.36  774.01 64.47 0.892 1 97 109 83015 93.3
05/29/89 1417.85  915.46 60.77 0.854 1 73 85 83100 93.4
05/30/89 1417.92  922.83 60.58 0.852 1 128 150 83250 93.5
05/31/89 1404.78  779.01 64.33 0.890 1 392 440 83690 94.0
Nay

Total %07 32322
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Appendix Table C.9. Prosser spring chinook smoelt outmigration for July, 1989.

- -

CANAL RIVER P.D.C. SUB CATCH PASSAGE SEASON PERCENT

DATE DISCHARGE DISCHARGE % EFF.  SAMPLE CHIN CHIN CUHULATIVE CUHULATIVE
07/01/89 1412.9  460.75 75.41 0.957 1 1 1 88987 100.0
07/02 /89 141436  478.09 74.74 0,955 1 2 2 88989 100.0
07/03/89 1417.23  461.31 75.44 0.957 1 2 2 88991 100.0
07/04/89 1404.11 399.41 77.85 0.965 1 1 1 88992 100.0
07/05/89 1381.41 306.17 81.86 0976 1 2 2 88994 100.0
07/06/89 1382.25 29498 8241 0977 1 1 1 88995 100.0
07/07/89 1383.2 285.83 82.87 0.978 1 | 1 88996 100.0
07/08/89 1351.84 247.42 84.53 0.981 1 0 0 88996 100.0
07/09/89 1340.51  243.25 84.64 0.981 1 0 0 88996 100.0
07/10/89 1355.33 255.28 84.15 0.980 1 0 0 88996 100.0
07/11/89 1344.91 254.96 84.06 0.980 1 0 0 88996 100.0
07/12/89 1281.86  226.01 85.01 0.982 1 0 0 88996 100.0
07/13/89 1180.38 193.97 8589 0983 1 0 0 88996 100.0
July

Total 10 10
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Appendix Table C.8.

CANAL

Prosser spring chinook smolt outmigration for June, 1989.

RIVER P.D.C.
DATE DISCHARGE DISCHARGE %

SUB CATCH PASSAGE

EFF.  SANPLE CHIN

SEASON

PERCENT

CHINCUMULATIVECUHULATIVE

0 - 0 5 " e L O e R e o - -

06/01/89 1377.88 545.7 71.63 0.941 1 118 126 83816 94.2
06/02/891391.07 584.76 70.40 0.934 1 965 1033 84849 95.3
06/03/89 1386.61  751.45 64.85 0.895 1 2251 2515 87364 98.2
06/04/891329.63  847.16 61.08 0.858 0.42 10 28 87392 98.2
06/05/89 1353.17  854.05 61.31 0.860 0.33 3 1 87403 98.2
06/06/891389.14 95291 59.31 0.837 0.33 25 91 87494 98.3
06/07/89 1415.72  1043.18 57.58 0.814 0.33 176 655 88149 99.0
06/08/89 1453.78  1252.81 53.71 0.755 0.33 82 329 88478 99.4
06/09/89 1452.07 118499 55.06 0.777 0.33 23 90 88568 99.5
06/10/891417.11  846.32 62.61 0.874 0.49 13 30 88598 99.6
06/11/89 1390.61  667.18 67.58 0.916 0.5 45 98 88696 99.7
06/12/89 1403.13  765.58 64.70 0.894 0.5 3 7 88703 99.7
06/13/89 1426.23  945.25 60.14 0.847 0.5 13 31 88734 99.7
06/14/89 1421.7 1008.69 58.50 0.827 0.5 38 92 88826 99.8
06/15/89 1429.53  1169.88 54.99 0.776 0.5 8 21 88847 99.8
06 /16/89 1429.23 125459 53.25 0.747 0.5 9 24 88871 99.9
06/17/89 1419.14  968.05 59.45 0.839 0.5 4 10 88881 99.9
06/18/89 1404.35 55581 71.64 0.941 0.5 3 6 88887 99.9
06/19/89 1378.39  302.32 82.01 0.976 0.5 6 12 88899 99.9
06/20/89 1301.8  226.09 85.20 0.982 0.5 4 8 88907 99.9
06/21/89 1297.99 313 80.57 0.973 0.5 9 19 88926 99.9
06/22/89 1334.22  334.71 79.94 0.971 0.96 1 12 88938 99.9
06/23/89 1315.75  263.44 83.32 0.979 1 17 17 88955 100.0
06/24/89 1311.22  267.01 83.08 0.978 1 5 5 88960 100.0
06/25/89 1342.04  304.93 8149 0.975 1 5 5 88965 100.0
06/26/89 1374,74 347.2  79.84 0.971 1 9 9 88974 100.0
06/27/89 1364.38 282.3 82.86 0.978 1 4 4 88978 100.0
06/28/89 1351.47  262.45 83.74 0979 1 4 4 88982 100.0
06/29/89 1339.78  247.73 84.40 0.981 1 3 3 88985 100.0
06/30/89 1369.05  300.05 82.02 0.976 1 | 1 88986 100.0
June

Total 3867 5296
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